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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 


many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims,’ and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
level of HDLeholesterol.? LOPID? (gemfibrozil) is not indicated for the treatment 
of patients with low HDL cholesterol as their only lipid abnormality. 
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Prognostic Importance of Collateral Flow and Residual 
Coronary Stenosis of the Myocardial Infarct Artery After 
Anterior Wall Q-Wave Acute Myocardial Infarction 
Helmut Gohike, Eva Heim, and Helmut Roskamm 


We analyzed the long-term prognosis of 102 young patients with an 
isolated proximal left anterior descending artery lesion after anterior Q- 
wave AMI with respect to degree of stenosis and collateralization. Patients 
with >75% stenosis or total occlusion had a worse prognosis than patients 
with a 50 to 74% residual stenosis. Collateralization of the infarct artery 
was not protective for future events. Patients with collateral flow had a 
worse prognosis than patients without collateral flow. 


Oe cc al i) 5 TEETE 
Oxygen Utilization, Carbon Dioxide Elimination and Ventilation 
During Recovery from Supine Bicycle Exercise 6 to 8 Weeks 
After Acute Myocardial Infarction 

Tsutomu Sumimoto, Tetsuro Sugiura, Masaharu Takeuchi, Fumio Yuasa, 
Tadashi Hasegawa, Seishi Nakamura, Toshiji lwasaka, and Mitsuo Inada 


We examined the pattern of oxygen (O>) utilization, carbon dioxide 
(CO2) elimination, ventilatory and metabolic responses during and during 
recovery from supine bicycle exercise in 18 patients with recent myocardi- 
al infarction. An increase in O% consumption (VO>) during exercise was 
accomplished by proportional increases in cardiac output and the arterio- 
venous O, difference. In contrast, VO, during recovery depended on 
relatively high cardiac output accompanied by a narrowing arteriovenous 
O; difference. The ratio of carbon dioxide production (VCO) to VO, 
increased further after exercise, suggesting that such cardiac output con- 
tributed to the remaining high CO, flow to the lung and therefore en- 
hanced ventilation. Arterial catecholamines remained elevated for the first 
5 minutes of recovery. Arterial lactate during this period continued to 
increase and resulted in profound metabolic acidosis, causing alveolar 
hyperventilation. These results suggest that during recovery after exercise, 
cardiopulmonary responses remain enhanced because of continuing high 
cardiac output and metabolic acidosis, and that this may be associated 
with profound fatigue or dyspnea after exercise. 
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Danielle Robitaille, and Michel Marcil 


We examined lipoprotein (a) [Lp(a)] blood levels by radioimmunoassay in 
124 patients with ischemic heart disease: 47 with acute myocardial infarc- 
tion and 13 with unstable angina pectoris, compared with 64 age-matched 
patients with stable angina pectoris. Of the 60 patients with ischemic heart 
disease, 34 received thrombolytic therapy with either streptokinase or 
recombinant tissue-type plasminogen activator, and 26 did not. There 
were no significant differences between Lp(a) levels among subgroups, 
serum Lp(a) levels were not influenced by thrombolytic treatment, and 
there is no evidence that higher levels of Lp(a) reduce systemic fibrinolytic 
activity. Higher levels were indeed associated with enhanced fibrinolytic 
activity. 
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Inferior Wall Acute Myocardial Infarction 

Paolo Alboni, Gian Franco Baggioni, Salvatore Scarfò, Riccardo Cappato, 
Gian Franco Percoco, Nelly Paparella, and Gian Enrico Antonioli 


Coronary angiography and electrophysiologic studies of the sinus node 
(SN), both in the basal state and after autonomic blockade, were per- 
formed in 23 patients with sick sinus syndrome (SSS) and previous inferi- 
or wall acute myocardial infarction (AMI) (study group) and in 23 
patients with normal sinus rate and previous inferior wall AMI (control 
group). The prevalence of stenosis of the SN artery (or that proximal to its 
origin) >50% was significantly higher in the study group than in the 
control group (p <0.05). In the study group, the intrinsic heart rate was 
abnormal in 83% of patients with severe SN artery stenosis, in 43% with 
moderate stenosis and in 30% with an insignificant stenosis. In the study 
group, the correlation between the electrophysiologic SN measures and 
the severity of SN artery stenosis was good after autonomic blockade and 
poor in the basal state. These results are evidence of a role for SN artery 
disease in the pathogenesis of SSS in patients with inferior wall AMI. 
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Prevalence of Risk Factors in Men with Premature Coronary 
Artery Disease 

Jacques J. Genest, Judith R. McNamara, Deeb N. Salem, and 

Ernst J. Schaefer 


The prevalence of cardiovascular risk factors, elevated low-density lipo- 
protein (LDL) cholesterol, reduced high-density lipoprotein (HDL) cho- 
lesterol, hypertension, diabetes mellitus and smoking was determined in 
321 men with angiographically documented premature coronary artery 
disease (CAD), and compared with Framingham Offspring Study control 
subjects. The prevalence of reduced HDL cholesterol, hypertension, dia- 
betes and smoking was significantly higher in patients with CAD than in 
control subjects. The prevalence of elevated LDL cholesterol was not 
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different between the 2 groups. In the patients with CAD who had a total 
cholesterol <200 mg/dl, 75% had an HDL cholesterol <35 mg/dl. 


Ra RANI aL A Er MP a ms PES ME HY oh A 
Assessment of Coronary Artery Disease Using Single-Photon 
Emission Computed Tomography with Thallium-201 During 
Adenosine-Induced Coronary Hyperemia 

Abdulmassih S. Iskandrian, Jaekyeong Heo, Thach Nguyen, Sally G. Beer, 
Virginia Cave, J. David Ogilby, William Untereker, and Bernard L. Segal 


In 132 patients with coronary artery disease (CAD) and 16 patients with 
normal coronary angiograms, adenosine was given intravenously at a dose 
of 0.14 mg/kg/min for 6 minutes and thallium-201 was injected at 3 
minutes. The thallium images using single-photon emission computed 
tomography were abnormal in 47 of the 54 patients (87%) with 1-vessel, 
34 of 37 patients (92%) with 2-vessel and 40 of 41 patients (98%) with 3- 
vessel CAD. The sensitivity was 92% in the 132 patients with CAD (95% 
confidence intervals, 86 to 96%). In patients with normal coronary angio- 
grams, 14 of 16 patients had normal thallium images (specificity = 88%; 
95% confidence intervals, 59 to 100% ). The results were very similar when 
subgroups of patients were analyzed: those without prior myocardial in- 
farction, elderly patients and women. There were more fixed perfusion 
defects in patients who underwent conventional delayed imaging than in 
patients who underwent reinjection delayed imaging (16 vs 0%, p 
<0.0001). Adverse effects were mild, transient and well tolerated. Thus, 
adenosine thallium tomographic imaging provides a high degree of accu- 
racy in the diagnosis of CAD. Use of the reinjection technique enhances 
the ability to detect reversible defects. 


(Sal SP RY Oa EE EE, a Pera ete rn SS OAA Fae 
Reactivity of Proximal and Distal Angiographically Normal and 
Stenotic Coronary Segments in Chronic Stable Angina Pectoris 
Dimitris Tousoulis, Juan Carlos Kaski, Peter Bogaty, Filippo Crea, Stavros 
Gavrielides, Alfredo R. Galassi, and Attilio Maseri 


To assess whether vasoreactivity of significant coronary stenoses (>50% 
intraluminal diameter reduction) and that of angiographically normal 
coronary segments differs in proximal and distal locations, we studied 53 
patients with chronic stable angina. All patients underwent coronary 
arteriography before and after 1 mg of intracoronary isosorbide dinitrate, 
as did 21 patients before and after 20 to 30 wg of intracoronary ergonovine. 
Nitrates dilated proximal normal coronary segments by 7.4 + 1.2%, distal 
by 15 + 1.7%, proximal significant coronary stenoses by 11 + 2.5% and 
distal coronary stenoses by 23 + 2.8%. Ergonovine reduced the diameter 
of proximal normal coronary segments by 9.3 + 1.7%, distal by 15.5 + 
1.4%, proximal significant coronary stenoses by 11 + 2.2% and distal 
stenoses by 18.4 + 2.8%. These findings indicate that distal normal coro- 
nary segments have greater reactivity than proximal segments and that 
stenosis reactivity parallels that of angiographically normal segments. 
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1201 
Assessment of Severity of Coronary Narrowings by 
Quantitative Exercise Echocardiography and Comparison with 
Quantitative Arteriography 

Luciano Agati, Luciano Arata, Roberto Luongo, Carlo lacoboni, 

Marco Renzi, Carmine D. Vizza, Maria Penco, Francesco Fedele, and 
Armando Dagianti 





A good correlation in the assessment of the severity of coronary narrow- 
ings was found between quantitative coronary angiography measurements 
and exercise echocardiography. In patients with 1-vessel coronary artery 
disease, minimal cross-sectional area stenosis of 2 mm?, percent area 
stenosis of 75%, minimal lumen diameter of 0.7 mm and percent diameter 
stenosis of 85% significantly separated patients who had a decrease in 
contractility at peak exercise testing from those who had a normal re- 
sponse. However, patients with mild coronary artery disease may not have 
a functional impairment induced during stress. Thus, exercise echocardi- 
ography is a useful tool in the detection of the presence of fairly severe 
anatomic narrowings, but it does not accurately predict lesion severity for 
intermediate coronary narrowings. 


Poi E RRND Ser ae Td Wate Pee VE Gee BOMBER nN IOS Le DR 
Comparative Effects of Oral Molsidomine and Nifedipine on 
Methylergometrine-Induced Coronary Artery Spasm 

Nicolas Danchin, Yves Juilliére, Joseph Anconina, Olivier Perrin, Christine 
Selton-Suty, and Francois Cherrier 


The ability of a single oral dose of molsidomine or nifedipine to suppress 
methylergometrine-induced coronary artery spasm in 12 consecutive pa- 
tients with variant angina was assessed in a double-blind, randomized, 
cross-over trial. Both medications were equally effective (molsidomine, 
83%; nifedipine, 75%). Only | patient had a test that remained positive 
after either molsidomine or nifedipine. Molsidomine might constitute an 
alternative therapy to calcium antagonists for patients with pure coronary 
artery spasm. 


1213 
Exercise Echocardiography as a Screening Test for Coronary 
Artery Disease and Correlation with Coronary Arteriography 
Linda J. Crouse, James J. Harbrecht, James L. Vacek, Thomas L. 
Rosamond, and Paul H. Kramer 





Exercise echocardiography was evaluated as a screening test for coronary 
artery disease (CAD) in 228 patients, all of whom underwent subsequent 
coronary arteriography. Imaging was performed before and immediately 
after symptom-limited upright treadmill exercise. Coronary stenosis was 
predicted in an artery if the perfused segment failed to become hypercon- 
tractile with exercise. Compared with routine treadmill electrocardiogra- 
phy, exercise echocardiography was more sensitive, specific and accurate. 
Furthermore, this test correlated closely with the extent and distribution of 
CAD. Exercise echocardiography is an excellent screening test for CAD. 
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ae Aa a ee aS 
Quantification of ST-Segment Changes During Coronary 
Angioplasty in Patients with Left Bundle Branch Block 

Karen S. Stark, Mitchell W. Krucoff, Beverly Schryver, and 

Kenneth M. Kent 


Electrocardiographic manifestations of ischemia are difficult to interpret 
in the presence of left bundle branch block (LBBB). Using continuous 
computerized digital analysis of ST segments zeroed to the patient’s own 
baseline electrocardiogram, we compared the effects of coronary occlusion 
in 11 patients with LBBB versus an age-, sex- and coronary anatomy- 
matched population of 22 control subjects with normal baseline conduc- 
tion. Although ST-segment deviation reached | mm more quickly in 
patients with LBBB than in control subjects, the incidence of diagnostic 
ST-segment changes, maximal ST-segment deviation and ST-segment 
deviation 60 seconds after inflation were not different for the 2 groups. 
Thus, ST-segment analysis is feasible in patients with LBBB using digital 
self-referenced ST analysis and may provide important clinical informa- 
tion regarding the presence of ischemia. 


Be rate tee i OU) ee a See ee ee ee ee 
Composition of Atherosclerotic Plaques in Coronary Arteries in 
Women <40 Years of Age with Fatal Coronary Artery Disease 
and Implications for Plaque Reversibility 

Allen L. Dollar, Amy H. Kragel, Daniel J. Fernicola, Myron A. Waclawiw, 
and William C. Roberts 


This study analyzes the composition of atherosclerotic plaques in the 4 
major epicardial coronary arteries in 8 women <40 years of age with fatal 
coronary artery disease (CAD) and compares these data with data in 
previous studies of 37 adults >45 years of age (mean 59) with fatal CAD. 
Histologic sections were taken at 5-mm intervals from the entire lengths of 
the right, left main, left anterior descending and left circumflex coronary 
arteries. Using a computerized morphometry system, analysis of the 4 
major epicardial coronary arteries showed the major component of plaque 
to be a combination of cellular and dense fibrous tissue. Arterial segments 
narrowed >75% in cross-sectional area from these young women were 
compared with similarly narrowed arteries from 37 older patients (32 men 
[86%]) with fatal CAD previously reported by this laboratory and showed 
significantly more cellular fibrous tissue and lipid-rich foam cells, and 
lesser amounts of dense fibrous and heavily calcified tissue. The large 
amount of lipid-containing foam cells and relative lack of acellular scar 
tissue in coronary plaques in these young women suggests a greater poten- 
tial for reversibility of these plaques in this subset of patients with CAD. 


Te a gl a re 
Composition of Atherosclerotic Plaques in the Four Major 
Epicardial Coronary Arteries in Patients >90 Years of Age 

S. David Gertz, Sonya Malekzadeh, Allen L. Dollar, Amy H. Kragel, and 
William C. Roberts 


The composition of coronary atherosclerotic plaques in 18 patients >90 
years of age was determined by computerized planimetric analysis of 733 
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five-mm arterial segments. In patients >90 years old, the plaques consist- 
ed primarily of fibrous tissue (87 + 8%), with calcific deposits (7 + 6%), 
pultaceous debris (5 + 4%) and foam cells (1 + 1%) occupying a much 
smaller percentage of plaque area. Analysis of composition according to 
the 4 degrees of luminal cross-sectional area narrowing revealed marked 
step-wise increases in pultaceous debris and calcific deposits, and de- 
creases in fibrous tissue and area occupied by the media. 


1234 
Cytokinetic Study of Aortocoronary Bypass Vein Grafts in 
Place for Less Than Six Months 

Jun Amano, Akio Suzuki, Makoto Sunamori, Toyohiro Tsukada, and 
Fujio Numano 





To evaluate the initial mechanism involving atherosclerotic changes of the 
saphenous vein graft implanted for coronary artery revascularization, cell 
components and kinetics were analyzed by an immunocytochemical meth- 
od. Migration of macrophages into the saphenous vein graft was observed 
on the fourth postoperative day. Intimal thickening was characterized by 
the proliferation of smooth muscle cells 1 month after surgery. At 2 
months, intimal thickening became prominent and macrophages were 
recognized circumferentially in the intima and the media. At 5 to 6 
months, some of the saphenous vein grafts were almost occluded by severe 
intimal thickening due to proliferation of the smooth muscle cells. Macro- 
phages were also observed both inside and outside of the internal elastic 
lamina, rarely found in the artery. These results suggest that compared 
with the arterial graft, cytokinesia of the saphenous vein graft contributes 
to the development of early graft failure because of its rapidity in progres- 
sion and severity. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1237 
Effects of Postural Changes Versus Exercise on the 
Electrophysiologic Parameters of the Accessory Pathway 
Ghazwan S. Butrous and A. John Camm 





The electrophysiologic profile of the accessory pathway was studied in 17 
patients with Wolff-Parkinson-White syndrome while they were lying 
down in the supine position, standing, or undergoing isometric or dynamic 
treadmill exercise. There were significant decreases in the anterograde 
and retrograde refractory periods of the accessory pathway on standing 
and dynamic (treadmill) exercise, compared with lying down in the supine 
position. Isometric exercise did not yield significant changes. The relative 
change in refractory periods was greater when patients changed from 
lying down to standing than when they changed from standing to treadmill 
exercise, despite obvious higher adrenergic tone during exercise. There- 
fore, testing the accessory pathway during free standing can give a reliable 
indication of the degree of sensitivity of the accessory pathway to sympa- 
thetic stimulation. 
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CONGESTIVE HEART FAILURE 


a SA AEE E E E aA A EE a 
Influence of Left Ventricular Diastolic Filling on Symptoms and 
Survival in Patients with Decreased Left Ventricular Systolic 
Function 

lan P. Clements, Manuel L. Brown, Alan R. Zinsmeister, and 

Raymond J. Gibbons 


The relation between left ventricular (LV ) filling variables measured by 
gated blood pool radionuclide ventriculography and clinical symptoms and 
survival was examined in 93 patients who had decreased LV systolic 
function. Time to peak filling rate, peak filling rate and ejection fraction 
were associated independently with survival free of cardiac death (chi- 
square = 7.74, 5.91 and 3.92, respectively, by stepwise Cox regression 
analysis). One-year Kaplan-Meier survivals were: 73% when time to peak 
filling rate was below and 98% when it was above the median value (167 
ms); 82% when peak filling rate was above and 90% when it was below the 
median value (1.67 end-diastolic volumes per second); and 76% when LV 
ejection fraction was below and 95% when it was above the median value 
(0.35). Thus, filling variables (time to peak filling rate and peak filling 
rate) measured by radionuclide ventriculography appear to be valuable in 
predicting survival in patients with decreased LV systolic function. 


VALVULAR HEART DISEASE 


1251 
Comparison of Accuracy of Transesophageal Versus 
Transthoracic Echocardiography for the Detection of Mitral 
Valve Prolapse with Ruptured Chordae Tendineae (Flail Mitral 
Leaflet) 

Randall A. Sochowski, Kwan-Leung Chan, Kathryn J. Ascah, and 

Pierre Bedard 





Transesophageal and transthoracic echocardiographic studies were per- 
formed in 27 patients with mitral valve prolapse undergoing repair or 
replacement of regurgitant mitral valves to determine the relative accura- 
cy of these techniques for the detection of flail leaflets. Male patients (n = 
20) outnumbered female patients (n = 7) and tended to be younger. Flail 
leaflets were frequently found, occurring in 20 of 27 patients, with the 
posterior leaflet more often affected. Characteristic echocardiographic 
findings of flail leaflets were visualized during transesophageal echocardi- 
ography. Transesophageal echocardiography was more accurate in deter- 
mining whether a flail leaflet was present or absent, correctly classifying 
96% of studies versus 70% by the transthoracic approach (p <0.01). The 
more detailed visualization of mitral valve anatomy obtained from the 
transesophageal window suggests that this procedure has a place in the 
preoperative evaluation of patients considered for mitral valve repair. 
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1256 
Aortic Valve Replacement for Aortic Stenosis in Persons Aged 
80 Years and Over 

Alfred T. Culliford, Aubrey C. Galloway, Stephen B. Colvin, Eugene A. 
Grossi, F. Gregory Baumann, Rick Esposito, Greg H. Ribakove, and 
Frank C. Spencer 





Seventy-one patients aged 280 years (mean 82 + 2) with aortic stenosis 
or mixed stenosis and regurgitation underwent aortic valve replacement 
alone (n = 35, group |) or in combination with a coronary artery bypass 
procedure without any other valve procedure (n = 36, group 2). Hospital 
mortality was 12.7% (9 of 71) overall, 5.7% (2 of 35) for group 1 and 
19.4% (7 of 36) for group 2. Perioperatively, only 1 patient (1.4%) had a 
stroke. Survival from late cardiac death at 1 and 3 years was 98.2% and 
95.5%, respectively, for all patients, 100% for patients with isolated aortic 
valve replacement, and 96.3% and 91.2%, respectively, for patients with 
aortic valve replacement plus coronary artery bypass. Freedom from 
valve-related complications (thromboembolism, anticoagulant, endocar- 
ditis, reoperation or prosthetic failure) was 93.3% and 80.4% at 1 and 3 
years, respectively. Thus, short- and long-term morbidity and mortality 
after aortic valve replacement for aortic stenosis in patients aged 280 
years are encouragingly low, although the addition of coronary artery 
bypass grafting increases short- and long-term mortality. 


oy IS aE ee esl Coho OP eS ees CI te a Sp SSP eigen 
Value and Limitations of Color Doppler Echocardiography in 
the Evaluation of Percutaneous Balloon Mitral Valvuloplasty 
for Isolated Mitral Stenosis 

Adelino Parro, Jr., Frederick Helmcke, Edward F. Mahan, Ill, Navin C. 
Nanda, David Kandath, and Larry S. Dean 


Mitral valve area derived by color Doppler-guided pressure half-time was 
found useful in categorizing the severity of mitral stenosis in 36 patients 
undergoing mitral balloon valvuloplasty. Color Doppler was also useful in 
assessing mitral regurgitation severity, and in the detection and follow-up 
of iatrogenic atrial septal defects. Echocardiographic shunt volumes re- 
vealed a fair correlation with oximetric results. 


1268 

Theoretical and Practical Differences Between the Gorlin 
Formula and the Continuity Equation for Calculating Aortic 
and Mitral Valve Areas 

Jean G. Dumesnil and Ajit P. Yoganathan 


This study compares the mathematical formulation of the Gorlin formula 
and the continuity equation as well as the results obtained if both formulas 
are applied to the same pressure and flow data from in vitro studies of 
aortic and mitral bioprostheses. Results show that both formulas are based 
on similar hydrodynamic principles, but that the areas by the Gorlin 
formula are 1 to 2% higher for aortic valves and 12 to 13% higher for 
mitral valves because of certain assumptions contained in the Gorlin 
formula. Such factors are important to consider when interpreting valve 
area calculations clinically. 
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1273 

Ventricular Function During Supine Bicycle Exercise in 
Univentricular Connection with Absent Right Atrioventricular 
Connection 

Teiji Akagi, Lee N. Benson, Maria Green, Margaret De Souza, Joyce R. 
Harder, David L. Gilday, and Robert M. Freedom 


Fourteen patients with tricuspid valve atresia underwent rest and supine 
bicycle exercise equilibrium radionuclide blood pool studies. Ejection frac- 
tion, heart rate, systemic blood pressure and oxygen saturation were 
measured. Eight patients (group I) had systemic to pulmonary and 6 
patients (group II) caval to pulmonary shunts placed as palliation. Abnor- 
mal ejection fraction response to exercise was found in 9 of 14. Ejection 
fraction at rest in group I was higher than in group II; however, this 
difference disappeared at peak exercise. There was a significant negative 
correlation between ejection fraction at peak exercise and the interval 
since palliative surgery, although it was not apparent at rest. These data 
suggest that although ventricular function is compromised both at rest and 
during exercise, abnormal performance is influenced by long-standing 
volume overload, which gradually progresses. This abnormal state is con- 
cealed at rest and the choice of shunt appears to have little effect on 
normalizing pump performance. 


1279 

impact of Intraoperative Echocardiography on Surgical 
Management of Congenital Heart Disease 

Ying-Hui Hsu, Thomas Santulli, Jr., Ah-Lin Wong, Davis Drinkwater, Hillel 
Laks, and Roberta G. Williams 


Intraoperative echocardiography was performed in 50 patients with con- 
genital heart disease. Precardiopulmonary bypass studies added no new 
information. Postcardiopulmonary bypass studies revealed residual shunts 
in 12 patients (1 atrial communication and 11 ventricular septal defects). 
The patient with a residual right to left shunt after Fontan procedure and 
another patient with 3 residual ventricular septal defects required immedi- 
ate reoperations. Assessment of postcardiopulmonary bypass and postop- 
erative follow-up valvular regurgitation in 21 valvuloplasty valves revealed 
a good correlation. However, | patient required valve replacement on the 
sixth postoperative day. In selective cases the information provided by 
postcardiopulmonary bypass intraoperative echocardiography may signif- 
icantly improve surgical outcome. 
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MISCELLANEOUS 


Me oe Oe ee ee A 
Effect of Autonomic Blockade, Postural Changes and Isometric 
Exercise on Doppler Indexes of Diastolic Left Ventricular 
Function 

Gary D. Plotnick, James J. Kmetzo, and John S. Gottdiener 


To assess the influence of autonomic reflexes on Doppler-derived indexes 
of left ventricular (LV) diastolic function, 2-dimensional and Doppler 
echophonocardiography were performed in 8 normal male subjects before 
and during autonomic blockade (0.2 mg/kg of propranolol and 0.04 mg/ 
kg of atropine, intravenously) in the supine, passive upright 80° tilt and 
passive leg-raised positions, and during supine isometric exercise. The 
ratio of peak early to peak late filling velocity (E/A) decreased from 2.0 + 
0.1 to 1.2 + 0.1 with autonomic blockade. When either upright tilt or 
isometric handgrip exercise was combined with autonomic blockade, the 
pattern of diastolic filling became distinctly “abnormal,” with the E/A 
ratio decreasing to 0.9 + 0.1. We conclude that autonomic blockade 
substantially alters the Doppler-derived indexes of diastolic filling and 
modifies both hemodynamic response and Doppler indexes produced by 
positional changes and by isometric exercise. 
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Narrow QRS Mobitz Type II Second-Degree Atrioventricular 
Block in Acute Myocardial Infarction: True or False? 

S. Serge Barold 


1295 
Update of Effects of Calcium Antagonists in Myocardial 
Infarction or Angina in Light of the Second Danish Verapamil 


Infarction Trial (DAVIT-II) and Other Recent Studies 
Salim Yusuf, Peter Held, and Curt Furberg 
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1298 
Singapore and Singaporean Cardiology 
William C. Roberts 
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Prognostic Importance of Collateral Flow and 
Residual Coronary Stenosis of the Myocardial 
Infarct Artery After Anterior Wall Q-Wave Acute 
Myocardial Infarction 


Helmut Gohlke, MD, Eva Heim, MD, and Helmut Roskamm, MD 





Residual high-grade coronary stenosis and col- 
lateral flow are frequent findings in the chronic 
phase after a Q-wave acute myocardial infarc- 
tion (AMI). The prognostic importance of a resid- 
ual stenosis of the infarct artery and of collateral 
flow to the infarct area was analyzed in a group 
of 102 young patients (mean age 35 years, 
range 22 to 39) who had survived an anterior 
wall Q-wave AMI. Patients whose only signifi- 
cant lesion (>50% luminal diameter reduction) 
was in the proximal portion of the left anterior 
descending artery were enrolled in the study. A 
50 to 74% diameter stenosis was present in 33 
of 102 patients (32%), 43 (42%) had a 75 to 
99% stenosis and 26% had a total occlusion of 
the infarct vessel. Collateral vessels, which were 
evaluated by a scoring system, were present in 
52 of 102 patients (51%). Four percent had only 
faint (score 1), 17 of 102 patients (17%) had 
moderate and 32 patients (31%) had good col- 
lateral flow (score >4). The 8-year cumulative 
mortality was 15.2%—an eightfold increase 
compared with the age-matched general popula- 
tion. No patient with <75% stenosis died during 
follow-up, whereas the cumulative 8-year mor- 
tality was 23 and 17% in patients with a 75 

to 99% stenosis or total occlusion, respectively 
(p <0.01). Patients with at least moderate collat- 
eral flow had a mortality rate of 21%, versus 
8% for patients without or with faint collateral 
flow (p <0.05). 


From the Rehabilitationszentrum fiir Herz- und Kreislaufkranke, Bad 
Krozingen, Germany. Manuscript received October 5, 1990; revised 
manuscript received and accepted January 28, 1991. 

Address for reprints: Helmut Gohlke, MD, Rehabilitationszentrum 
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Thus, a >75% residual stenosis after anterior 
wall AMI is associated with less favorable sur- 
vival, compared with a less severe stenosis. Col- 
lateral vessels after an anterior wall Q-wave 
AMI do not protect against adverse events. 
These results suggest that restoration of antero- 
grade flow could have a favorable influence on 
long-term prognosis in these patients. 

(Am J Cardiol 1991;67:1165-1169) 


within the first weeks or months after an acute 
myocardial infarction (AMI).!-> In patients 
with a non-Q-wave AMI, the appearance of a high- 
grade residual stenosis is generally accepted as a har- 
binger of cardiovascular events within a few months af- 
ter the index infarction.*5 Because of the larger scar 
associated with a Q-wave AMI, a high-grade stenosis 
or occlusion may not be associated with signs or symp- 
toms of diminished blood supply in the distribution area 
of the infarct artery. Therefore, the potential for future 
events resulting from this lesion may be small. In addi- 
tion, it is not clear whether visible collateral vessels af- 
ter an anterior Q-wave AMI can protect the patient 
from future events or cardiac death.>-®7 
The present study analyzes the prognostic impor- 
tance of residual stenosis and collateral blood supply 
after an anterior wall Q-wave AMI in a group of pa- 
tients with 1-vessel coronary artery narrowing who had 
survived the AMI before age 40 years and who had 
undergone coronary angiography irrespective of symp- 
toms after AMI. 


R “sia high-grade stenoses frequently develop 


METHODS 
Patient selection: Between 1973 and 1981, 803 sur- 
vivors of a Q-wave AMI who were <40 years old were 
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TABLE I Patient Characteristics 


No. of pts. 102 
Anterior wall Q-wave AMI (%) 100 
Mean age (yrs /range) 35/22-39 
Men /women (%) 96/4 
LV end-diastolic pressure at rest (mm Hg) 17+8 
Ejection fraction (%) 51414 
Mean LV score 8+2 
Exercise tolerance (W) 95+ 23 
Pulmonary arterial wedge pressure (mm Hg) 

Rest 1345 

Peak exercise 20+9 
Heart rate at peak exercise (beats /min) 136+ 35 
HR X BP (mm Hg) at peak exercise / 10? 232+75 
Cardiac index (liters /min X m7?) 

Rest 3.2+0.6 

Peak exercise 8.14+1.9 


Values (except age) are mean + 1 standard deviation. 
AMI = acute myocardial infarction; BP = blood pressure; HR = heart rate; LV = left 


ventricular. 





admitted for evaluation and rehabilitation within 1 year 
after AMI. They were referred irrespective of symp- 
toms only because they had had a Q-wave AMI at 
<40 years old. 

Coronary angiography: All patients were recom- 
mended to undergo coronary angiography. Of the 803 
patients, 662 agreed and underwent angiography by 
Sones’ or Judkins’ technique after sublingual nitroglyc- 
erin had been given. Angled caudocranial views were 
used routinely. Lesions were analyzed by measuring the 
reduction in luminal diameter with calipers and com- 
paring results to an adjacent, seemingly healthy coro- 
nary segment. The degree of stenosis was recorded ac- 
cording to American Heart Association guidelines.’ Pa- 
tients whose only hemodynamically important lesion 
was in the proximal portion of the left anterior descend- 
ing artery before the origin of the first septal perforator 
branch were enrolled in the study. Excluded were pa- 
tients with a septal perforator branch originating from 
a diagonal branch of the left anterior descending artery, 
if this branch originated before the lesion. 

Collateral score: Angiographically visible collateral 
vessels were quantitated according to a modified score 
of Goldstein et al.? It is understood that the visibility of 
collateral vessels depends on angiographic conditions 
(body size, injection pressure, film development) not re- 
lated to the cardiac condition. Collateral vessels were 
scored as follows: 0, no collateral vessels; 1, few small 
collateral vessels with faint opacification of the infarct 
artery; 2, many small or | large collateral vessel with 
dense opacification of the infarct artery; 3, 1 large and 
>1 small collateral vessel with dense opacification of 
the infarct artery; 4, =2 large collateral vessels with 
dense opacification of the infarct artery. Each donor 
vessel was assessed individually; thus, a total score of 
>4 could be reached. 
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Left ventricular angiography: Left ventricular func- 
tion was evaluated in the 30° right anterior oblique pro- 
jection. A total of 30 to 40 ml of contrast agent was 
injected at a rate of 8 ml/s with Sones’ or 12 to 14 ml/ 
s with Judkins’ technique. Segmental wall motion was 
evaluated by a score system, as described previously!®; 
a similar system was used in the Coronary Artery Sur- 
gery Study Registry.!! 

Exercise testing: All patients underwent supine ex- 
ercise with an electrically braked bicycle ergometer in 
the postabsorptive state. All antianginal drugs had been 
discontinued for >12 hours, as described previously.!° 
ST-segment shifts were recorded continuously, and 
measurements of pulmonary capillary wedge pressure 
and cardiac output at rest and during exercise were ob- 
tained after 5 minutes of each work load. A 12-lead 
electrocardiogram was recorded before and immediate- 
ly after exercise; 6 precordial leads were recorded dur- 
ing exercise. 

Follow-up: Follow-up by questionnaire or by repeat 
visits in the outpatient department was 98% complete. 
The end point of follow-up was death. Patients who 
underwent bypass surgery during follow-up were re- 
corded as alive until that date and as lost to follow-up 
thereafter. 

Statistical analysis: Survival curves were computed 
according to Cutler and Ederer.!? Comparison of sur- 
vival between different subgroups was tested by the 
method of Mantel and Haenszel.!? Differences were 
considered significant if the null hypothesis could be re- 
jected with 295% confidence. 


RESULTS 

Of the 662 patients who underwent angiographic 
evaluation within 1 year of AMI, 28 (4%) had normal 
coronary arteries, 40 (6%) had <50% obstruction at 
the time of angiography, 391 (59%) had 1-vessel dis- 
ease, 122 (18%) had 2-vessel disease and 77 (12%) had 
3-vessel disease. Of the 391 patients with l-vessel dis- 
ease, 102 had their only hemodynamically important 
lesion in the proximal portion of the left anterior de- 
scending artery and met the angiographic criteria for 
this study. Patient characteristics, with angiographic 
data and the results of exercise testing, are listed in 
Table I. Thirty-three of the 102 study patients (32%) 
had a residual stenosis of the infarct artery of 50 to 
74%, 43 patients (42%) had a residual stenosis of 75 to 
99% and 26 patients (25%) had a total occlusion. 

Collateral vessels to the infarct artery were seen in 
52 patients (51%): faint collateral vessels in 4 patients 
(score |), moderate collateral vessels (score 2 to 4) in 


17 patients and good collateral vessels in 31 patients ‚$. 


(score >4). As expected, the presence of collateral ves- 
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sels correlated with the degree of the stenosis of the 
infarct artery (p <0.001) (Table II). The right coro- 
nary artery was the donor vessel for most collateral ves- 
sels (62%), followed by the circumflex artery (33%) 
and the left anterior descending artery itself, with an- 
terograde bridging collateral vessels in 5%. 

Patients with a higher grade of residual stenosis 
tended to have more impaired left ventricular function, 
as evaluated by the left ventricular score, than patients 
with less residual stenosis. The trend did not reach sta- 
tistical significance. However, patients with collateral 
flow to the infarct artery had worse left ventricu- 
lar function than patients without collateral flow (p 
<0.01). Thus, collateral flow may be a better indicator 
of high-grade stenosis than the angiographic evaluation 
of the sometimes irregular stenosis of the infarct artery. 

Prognosis: The 8-year cumulative mortality rate 
was 15.2%, with a linearized annual mortality of 
1.9%—an eightfold increase compared with the age- 
adjusted general population (0.24% /year). No patient 
with <75% stenosis died during follow-up, whereas 
23% of patients with a 75 to 99% stenosis and 17% of 
patients with total occlusion died (p <0.008) (Figure 
1). Similarly, patients without or with only faint collat- 
eral vessels had a better prognosis than patients with a 
collateral score of 22: the 8-year mortality rate was 8% 
and 21%, respectively (p <0.034) (Figure 2). 
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FIGURE 1. Survival in patients with a 50 to 74% proximal 
stenosis of the left anterior descending coronary artery after 
anterior Q-wave acute myocardial infarction (AMI) is better 
than that of patients with a higher grade stenosis or total oc- 
clusion (p <0.008). Origin of graph in Figure 1 and Figure 2 
corresponds with the date of angiography—a median time in- 
terval of 3 months (range 3 weeks to 1 year) after acute myo- 
cardial infarction. n of pts. = number of patients at follow-up 
interval in the corresponding subgroups. 





Stratification according to left ventricular score re- 
sulted in a difference in mortality: the 8-year mortality 
rates were 20 versus 6% for patients with a left ventric- 
ular score of >7 versus a score of <7 (p <0.02). 

Univariate analysis of the parameters—heart size 
on chest x-ray, exercise tolerance, maximal heart rate 
during exercise, degree of stenosis, left ventricular 
score, collateralization score and age—revealed the fol- 
lowing parameters to be correlated with survival: de- 
gree of stenosis, 50 to 74/75 to 99/100% (p = 0.008); 
left ventricular score, <7 versus >7 (p = 0.02); collat- 
eralization score, <2 versus 22 (p = 0.034). After the 
degree of stenosis was entered into the multivariate 


TABLE Il Left Ventricular Function and Collateralization in 
Relation to Degree of Stenosis 


Degree of Stenosis 


<75% 75-79% 100% 


p Value 


No. of pts. 33 43 26 

Ejection 51414 55+14 44+14 NS 
fraction (%) 

Mean LV 
score 

Collateral flow 15 51 96 0.001 
present (% pts.) 


NS = difference not significant; other abbreviations as in Table I. 


TITEL 8.1 +2 8.442 NS 


Survival (%) 


@— Collat.-Score 0 — 1 
--- Collat.-Score > 2 


2 4 6 


8 10 12 


0 
Collat.01 254 51 49 42 31 #17 «7 
48 


Year 


Collat. 2 44 43 34 27 16 5 


FIGURE 2. Patients with good collateral (collat.) vessels (score 
22) had a worse prognosis than patients without or with only 
faint collateral vessels (p <0.04). Collateral vessels are an in- 
dicator of high-grade stenosis and viable myocardium and 
provide no protection from cardiac death. For definition of col- 
lateral score, see Methods. Abbreviations as in Figure 1. 
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model, no further parameter gave additional informa- 
tion with respect to mortality during follow-up. 


DISCUSSION 

The protective role of collateral vessels has been 
controversial in the past. In earlier studies, subgroups of 
patients with different coronary artery syndromes (e.g., 
patients with and without infarction or angina) were 
analyzed together, and a protective or beneficial role of 
collateral flow could not be established.’:!*!> 

Our study analyzes the prognostic importance of 
collateral flow in a well-defined and very homogeneous 
subgroup of patients with 1-vessel proximal left anterior 
descending coronary artery disease after an anterior Q- 
wave AMI. Although we have no angiographic findings 
of the acute phase, we can assume that in our patients 
collateral vessels were either not present or at the time 
of occlusion of the infarct artery were not adequately 
recruitable to prevent a Q-wave AMI.!6 Patients with 
collateral vessels and residual high-grade stenosis in the 
chronic phase of an anterior Q-wave AMI had worse 
left ventricular function than patients in whom ade- 
quate anterograde flow was restored spontaneously af- 
ter AMI. Similarly, patients with collateral flow had 
more cardiac events during follow-up than patients with 
less severe residual stenosis but without collateral flow. 

Cohen et al!’ found almost complete protection 
from myocardial asynergy in patients with good collat- 
eral filling of the vessel behind a stenosis in the setting 
of acute coronary occlusion during angioplasty. How- 
ever, our patients had inadequate collateral supply at 
the time of AMI. Furthermore, protective collateral 
flow at rest may not preclude ischemia during exercise.’ 
Ischemia during exercise might induce arrhythmias, 
particularly in the presence of a myocardial scar. The 
lack of anterograde flow may be associated with a 
higher incidence of late potentials.!® 

Thus, our analysis indicates that, in a selected sub- 
group of patients, collateral vessels after an anterior Q- 
wave AMI are associated with more severe left ventric- 
ular dysfunction, compared with patients with antero- 
grade flow through a less severe residual stenosis and 
without collateral flow. Patients with collateral vessels 
are not protected from future events. Our results con- 
firm the findings of Cigarroa et al,* who found a worse 
prognosis in patients with 1-vessel disease and without 
anterograde flow after AMI than in patients with an- 
terograde flow. Patients with collateral flow had a simi- 
lar event rate as patients without collateral flow in the 
group without anterograde flow.’ 

Previous studies have shown that early restoration of 
anterograde flow in patients with AMI improves left 
ventricular function.2:!? However, restoration of antero- 
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grade flow may even be associated with improved prog- 
nosis without exerting an effect on left ventricular func- 
tion.2? In our study, anterograde perfusion was of 
greater prognostic importance than left ventricular 
function. Left ventricular dysfunction has lost some of 
its prognostic importance in the presence of good ante- 
rograde blood flow. 

Our data suggest that restoration of anterograde 
flow in the early months after AMI with a residual 
stenosis of the infarct artery of >75% might be of prog- 
nostic benefit for the patient. Whether this can be 
shown prospectively and whether it might also be appli- 
cable for other angiographic subgroups of patients with 
a similarly large area at risk behind the high-grade ste- 
nosis in a different location remains to be examined. 
Confirmation of these relations would have a significant 
impact on the indication for coronary angiography and 
also on the indication for percutaneous transluminal 
coronary angioplasty after a Q-wave AMI. 
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Oxygen Utilization, Carbon Dioxide Elimination 
and Ventilation During Recovery from Supine 
Bicycle Exercise 6 to 8 Weeks After Acute 
Myocardial Infarction 


Tsutomu Sumimoto, MD, Tetsuro Sugiura, MD, Masaharu Takeuchi, MD, Fumio Yuasa, MD, 
Tadashi Hasegawa, MD, Seishi Nakamura, MD, Toshiji lwasaka, MD, and Mitsuo Inada, MD 


The pattern of oxygen (02) consumption (VO2), 
carbon dioxide (CO2) production (VCO2), ventila- 
tory and metabolic responses during and in re- 
covery from supine bicycle exercise was exam- 
ined in 18 patients with recent myocardial in- 
farction. An increase in VO2 with increasing 
work load was accomplished by proportional in- 
creases in both cardiac output and the arteriove- 
nous O> difference. During recovery, however, 
the arteriovenous O>2 difference rapidly de- 
creased below levels at rest, whereas VO2 and 
cardiac output remained elevated, indicating that 
VO- during recovery further depended on rela- 
tively high cardiac output. The ratio of VCQ>2 to 
VO- further increased after exercise, suggesting 
that such cardiac output contributed to the re- 
maining high CO> flow to the lung and therefore 
enhanced ventilation. Increased arterial catechol- 
amines during exercise remained elevated for the 
first 5 minutes of recovery. Arterial lactate dur- 
ing this period continued to increase and resulted 
in profound metabolic acidosis, causing alveolar 
hyperventilation after exercise. 

These results suggest that during recovery 
from exercise, cardiopulmonary responses re- 
main enhanced because of continuing high cardi- 
ac output, resulting in subsequent high CO2 flow 
to the lung and metabolic acidosis, and that this 
may be associated with profound fatigue or dys- 
pnea after exercise. 

(Am J Cardiol 1991;67:1170-1174) 
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to provide energy for the circulatory transport 

of oxygen (O2) to tissue at rates commensurate 
with their metabolic requirements, while simultaneous- 
ly providing energy for the elimination of the metabolic 
end product, carbon dioxide (CO>).! During exercise, 
the large increase in metabolic rate requires an increase 
in O, consumption (VO), which depends on cardiac 
output and the arteriovenous O, difference, and the 
large quantity of CO, produced in the cell must be re- 
moved in order to avoid severe tissue acidosis with ad- 
verse effects on cell function. The pattern of O; utiliza- 
tion and CO; elimination during exercise has been well 
recognized noninvasively and used as an objective as- 
sessment of functional capacity in patients with heart 
failure.2~> Although understanding the physiology of 
O; utilization and CO, elimination during recovery 
from exercise is of great importance,®!9 O, utilization 
or CO) elimination during recovery from exercise has 
not been fully elucidated. In this study, we examined 
the interrelations among VO», cardiac output and the 
arteriovenous QO, difference in patients with recent 
myocardial infarction during and after supine bicycle 
exercise to evaluate O; utilization in the recovery period 
after exercise. Simultaneously, we examined CQ) elim- 
ination and ventilation to further characterize cardio- 
pulmonary responses during recovery from exercise. 


T he primary role of cardiopulmonary function is 


METHODS 

Study patients: We studied 18 patients with stable 
clinical class II or II heart failure as defined by New 
York Heart Association criteria (12 in class I and 6 in 
class III). There were 15 men and 3 women aged 36 to 
69 years (mean + standard deviation 56 + 9). Their 
ejection fractions ranged from 15 to 52% (mean 37 + 
14%). All patients enrolled in this study had their first 
acute myocardial infarction 6 to 8 weeks before the 
study, and none of the patients had postinfarction angi- 
na, critical arrhythmia, or uncontrolled congestive heart 
failure. Myocardial infarction was documented by a 
typical clinical history, characteristic Q waves and ST- 
segment changes on the electrocardiogram, and a sig- 
nificant increase in the serum creatine kinase MB-iso- 
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enzyme level. Before entry into the study, each patient 
underwent a complete physical examination and per- 
formed a treadmill exercise test. Patients were excluded 
from the study if they had physical or radiographic 
signs of obstructive lung disease, angina pectoris or in- 
termittent claudication that limited exercise on a tread- 
mill. Informed consent was obtained from all patients. 

Exercise testing protocol: Patients were studied in 
the supine position at rest, during bicycle ergometric 
exercise, and during recovery. Two or 3 days before the 
study, supine bicycle exercise was performed to famil- 
iarize the patients with a bicycle ergometer (Monark 
881E ergometer, Sweden). All medications were dis- 
continued for >24 hours before the study. No patient 
was receiving 8 blockers. On the day of study, a Swan- 
Ganz catheter was inserted through the internal jugular 
vein and advanced to the pulmonary artery. An arterial 
catheter was inserted in the radial artery. After 30 min- 
utes of supine rest, bicycle exercise testing was per- 
formed with expired gas analysis. The electrocardio- 
gram and pulmonary and systemic arterial pressures 
were monitored continuously. Exercise began at a work 
load of 25 W for 3 minutes and the work load was 
increased to 50 W for the next 3 minutes. The exercise 
work rate was constant at 60 rpm. 

Expired gas analysis: Minute ventilation and the 
concentration of expired O and CO) were analyzed 
with an Oxycon-4 (Mijnhardt Company, Holland). In- 
struments were calibrated at the beginning of each 
study. From these data, O% consumption (VO2), CO2 
production (VCO,), minute ventilation and the ventila- 
tory gas exchange ratio were measured at supine rest 
on the bicycle, continuously during exercise and for the 
first 5 minutes of recovery. Averaged measurements 
during the last 30 seconds of each exercise stage and 
during the 30 seconds before 2 and 5 minutes of recov- 
ery were used for analysis. 

Blood gas analysis and cardiac output: Simulta- 
neous blood samples were drawn from both the pulmo- 
nary and radial artery at rest, within the last 30 seconds 
of each exercise stage, and within 30 seconds before 2 
and 5 minutes of recovery. The blood samples were 
used for the immediate measurements of pH, oxygen 
tension (PO>) and carbon dioxide tension (PCO >) (Ra- 
diometer Company ABL2) as well as O% saturation 
and hemoglobin concentration (Radiometer Company 
OSM2). Lactate concentration and plasma catechol- 
amine levels were determined in arterial blood samples. 
Cardiac output was determined by the Fick principle 
with use of the systemic arteriovenous O% difference 
and directly measured VO >. Systemic O 2 extraction 
was calculated as the ratio of the arteriovenous O3 dif- 
ference to arterial O, content X 100. 

Statistical analysis: All data are presented as mean 
+ standard deviation. Student’s rf test for paired data 


TABLE I Changes in Oxygen Consumption, Cardiac Output, 
the Arteriovenous Oxygen Difference, and the Oxygen 
Extraction Ratio During Exercise and Recovery 


Arteriovenous 
Ov Difference O> Extraction 
(vol%) Ratio (%) 


Cardiac 
VO>2 Output 
(ml/min) (liters /min) 


Rest 157428 3.0407 5.3+0.8 
Exercise 
3min (25W) 682 + 113* 6.94 1.6* 9.94+1.5* 
6 min (50W) 862 + 238* 7.6+2.4* 11.7 +1.5* 
Recovery 
2 min 340 +83* 6.7+1.8* 
5min 211 +56* 47+1.3* 
* p <0.01, compared with resting values. 
O2 = oxygen; VO2 = oxygen consumption. 


5.2+0.9 
4.6 +0.9* 





was used for statistical analyses. The least-squares re- 
gression was used to assess the relation between the 2 
variables. A p value <0.05 was considered statistically 
significant. 


RESULTS 

Oxygen consumption, cardiac output and arteriove- 
nous oxygen difference (Table l, Figure 1): VO, in- 
creased progressively with increasing work load and re- 
mained elevated above baseline levels during recovery. 
During exercise, cardiac output and the arteriovenous 
O; difference increased proportionally and reached lev- 
els of 153 and 121% above baseline at 50 W, respec- 
tively. During recovery, however, the arteriovenous O2 
difference returned rapidly to the resting level within 2 
minutes of recovery and decreased further at 5 minutes, 
whereas cardiac output remained significantly higher 
than the resting value. Thus, the marked increase in 


— Rest —>|— E xer cise—p |h Recover y 


e—?# VO: 
O--O Cardiac output 
eS A - VO; 





FIGURE 1. Relative changes in oxygen consumption (VO2) 
(closed circle), cardiac output (open circle) and the arteriove- 
nous oxygen difference (A-VO2) (closed square) in response 
to exercise and recovery. Note that A-VO>2 returned rapidly to 
its resting level at 2 minutes of recovery and decreased signifi- 
cantly below the resting value at 5 minutes of recovery, 
whereas VO> and cardiac output remained significantly higher 
than the resting values during recovery. Each point represents 
the mean + standard deviation. *p <0.01, compared with 
resting values. 
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TABLE Il Changes in Carbon Dioxide Production, Minute 
Ventilation and Ventilatory Gas Exchange Ratio During 
Exercise and Recovery 


Minute 
Ventilation 
(liters /min) 


Ventilatory 
Gas Exchange 
Ratio 


VCO» 
(ml/min) 


Rest 121 +24 641 0.76 + 0.08 
Exercise 

3 min (25W) 

6 min (50W) 
Recovery 

2 min 


5 min 


579 + 83* 
879 + 228* 


22 Eor 
344 9* 


0.90 + 0.12* 
1.07 + 0.15* 


521 + 173* 
264 + 93* 


* p <0.01, compared with resting values. 
VCO» = carbon dioxide production. 


21+ 8* 
leg 


1.51 +0327 
1.22 + 0.20* 


VO), during exercise depended on both increasing car- 
diac output and the widening arteriovenous O, differ- 
ence, whereas VO, during recovery was further depen- 
dent on cardiac output. The relative changes in VO», 
cardiac output and the arteriovenous O, difference are 
shown in Figure 1. 

Carbon dioxide production, minute ventilation and 
ventilatory gas exchange ratio (Table ll, Figure 2): 
VCO, and minute ventilation increased progressively 
with increasing work load and remained elevated above 
baseline during recovery. The ventilatory gas exchange 
ratio also increased significantly during exercise, but 
reached the maximal level after exercise. Minute venti- 
lation during recovery was closely related to VCO, and 
cardiac output (Figure 2, A and B). 

Oxygen and carbon dioxide tensions and pH in arte- 
rial and mixed venous blood (Table Ill): Arterial PO, 
and PCO; did not change throughout exercise, whereas 
a progressive decrease in mixed venous PO, and a pro- 
gressive increase in mixed venous PCO) were observed 
with increasing exercise work load. During recovery, 
however, both arterial and mixed venous PO; increased 
rapidly above their resting values, and arterial PCO, 
decreased significantly below the resting value. A 
marked increase in mixed venous PCO, at maximal 
work load was also eliminated and PCO, returned to 
the resting value at 5 minutes of recovery. Both arterial 
and mixed venous pH decreased progressively during 
exercise and decreased further in the early recovery. 

Lactate concentration and plasma catecholamine 
levels (Table IV): The arterial lactate concentration in- 
creased significantly during exercise and increased fur- 
ther during recovery. Both epinephrine and norepineph- 
rine increased progressively with increasing work load. 
During recovery, norepinephrine remained elevated 
above baseline, whereas epinephrine returned to its rest- 
ing level at 5 minutes of recovery. 


DISCUSSION 
Oxygen utilization: Although left ventricular func- 
tion measured at rest correlates poorly with exercise 
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FIGURE 2. Relation between (A) minute ventilation (VE) and 
carbon dioxide production (VCO-) (VE = 2.87 + 0.035 x 
VCO2, r = 0.93, p <0.01) and between (B) VE and cardiac 
output during recovery (VE = 2.46 + 2.47 x cardiac output, r 
= 0.61, p <0.01). Open circles represent the points at 2 min- 
utes of recovery and closed circles represent the points at 5 
minutes of recovery. 


performance,!!-14 the determination of VO, during 
exercise, measured by the collection of expired air, 
provides an objective assessment of functional capacity 
in normal subjects and in patients with heart fail- 
ure.24:!5-!7 In accordance with the Fick theorem, VO, 
depends on cardiac output and the arteriovenous O; 
difference. Thus, VO, in response to exercise is deter- 
mined by the reserve of both cardiac and peripheral 
function. Previous studies have demonstrated the pro- 
portional changes in VO», cardiac output and the arte- 
riovenous O; difference from rest to exercise in normal 
subjects and in patients with heart failure.!8-29 How- 
ever, the interrelations among VO», cardiac output and 
the arteriovenous O% difference during recovery have 
not been fully elucidated. The present study demon- 
strated that an increase in VO) with increasing exercise 
work load was accomplished by proportional increases 
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TABLE Ili Changes in Oxygen and Carbon Dioxide Tensions and in pH During Exercise and Recovery 


PO> (torr) 


A 


Rest 92+10 
Exercise 
3 min (25W) 
6 min (50W) 
Recovery 
2 min 118+7* 
5 min 113+10* 


93+10 
90 + 23 


* p <0.01, compared with resting values. 


PCO» (torr) 


7.42+0.04 7.39 +0.03 


7.30 + 0.04* 
7.26 +0.04* 


7.38 + 0.03* 
7.36 + 0.04* 


7.24 + 0.05* 
7.27 +0.05* 


7.33 + 0.05* 
7.33 + 0.05* 


A = arterial blood; PCO2 = carbon dioxide tension; pH = hydrogen ion concentration; POz = oxygen tension; V = mixed venous blood. 


in both cardiac output and the arteriovenous O; differ- 
ence in patients with clinically stable heart failure. Dur- 
ing recovery, however, we observed a rapid decrease in 
the arteriovenous O> difference to the level below base- 
line when VO, and cardiac output remained elevated 
above the resting values. These observations indicate 
that VO, in the early recovery period is dependent on 
cardiac output rather than on the arteriovenous O; dif- 
ference, as compared with that at rest or during exer- 
cise. Moreover, the lowest O> extraction was observed 
during recovery, indicating that, with respect to O3 
transport from lung to tissues, blood flow (cardiac out- 
put) during recovery is apparently excessive for the O3 
demand of whole body tissues. 

Several studies have demonstrated an increase in 
cardiac function associated with an increase in stroke 
volume?!-?3 or improvement of myocardial wall motion 
immediately after exercise.*4+° The mechanism for this 
has been suggested to reflect a transient increase in 
end-diastolic volume??? or an endogenous catechol- 
amine stimulation.?*?5 In this study, we did not mea- 
sure left ventricular volume but confirmed the continu- 
ing high levels of plasma catecholamines that might in 
part lead to the remaining high cardiac output and con- 
comitantly narrowing arteriovenous O; difference in 
the recovery period. Furthermore, the redistribution of 
blood flow to nonexercising areas (such as skin and ab- 
dominal organs) after exercise also might contribute to 
the decrease in the arteriovenous O» difference during 
recovery. 

Carbon dioxide elimination: High cardiac output 
during recovery from exercise influenced not only O2 
utilization but also CO; elimination from the lung. Our 
data demonstrated that VCO, in response to exercise 
and its recovery was similar to VO, response. The ven- 
tilatory gas exchange ratio gradually rose with increas- 
ing exercise work load because of additional CO3 pro- 
duction generated by the bicarbonate buffering of lactic 
acid. However, the peak ventilatory gas exchange ratio 
was obtained in the early recovery period, indicating 
that an increase in VCO; relative to VO> reached the 
maximal level after exercise. This is consistent with pre- 





vious reports.2°-28 Wasserman?! postulated that the in- 
crease of the ventilatory gas exchange ratio during re- 
covery is associated with the unloading of stored CO; in 
tissues, the rate of which depends on the relation be- 
tween the CO, production rate and cardiac output. We 
found that a marked increase in mixed venous PCO; at 
maximal work load was rapidly removed during recov- 
ery despite continuing increase in arterial lactate, a 
nonmetabolic source of CO. This observation suggests 
that high cardiac output during recovery contributed to 
the remaining high CO) flow to the lung, resulting in 
an early reduction in the accumulated venous CO; 
load. One may speculate in this setting that cardiac 
output during recovery is predominantly responsible for 
CO; elimination and for the restoration of aerobic me- 
tabolism in the tissues rather than for O transport to 
tissues. 

Enhanced ventilation: A number of studies have 
documented that VCO; is the primary metabolic stim- 
ulus for ventilation in normal subjects,??~?! in patients 
with heart failure,’ and in experimental animals.*4 
Wasserman et al*> demonstrated that ventilation is en- 
hanced by an increase in cardiac output with use of 
intravenous isoproterenol or cardiac pacing, resulting in 
an increase in CO, flow to the lung. During recovery 
from exercise, we also confirmed the close correlation 
of minute ventilation to VCO) and cardiac output, indi- 
cating that high cardiac output and subsequent high 


TABLE IV Changes in Arterial Lactate and Catecholamines 
During Exercise and Recovery 


Catecholamines 


Norepinephrine 
(pg/ml) 


231+ 138 


Epinephrine 
(pg/ml) 


103 + 63 


Lactate 
(mmol /liter) 


Rest 0.8+0.2 
Exercise 
3 min (25W) 
6 min (50W) 
Recovery 
2 min 6.8+2.5* 
5 min 7.0+2.6* 


659 + 662* 
1,262 + 1,175* 


276 + 219* 
463 + 472* 


2.8+1.1* 
4.8+1.6* 


987 + 726* 
551 + 338* 


210+ 147* 
102 +65 


* p <0.01, compared with resting values. 
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CO) flow to the lung in the recovery period could con- 
tribute to the remaining enhanced ventilation. Further- 
more, the finding that arterial PCO) rapidly decreased 
after exercise despite its constancy throughout exercise 
indicates that considerable alveolar hyperventilation oc- 
curred immediately after exercise. Although the present 
study does not clearly identify the primary mechanism 
responsible for alveolar hyperventilation after exercise, 
further increase in lactate concentration and further de- 
crease in both arterial and mixed venous pH suggest 
that metabolic acidosis triggered alveolar hyperventila- 
tion during recovery from exercise, probably by stimu- 
lating the peripheral chemoreceptors. Such pro- 
longation of enhanced ventilation, including alveolar 
hyperventilation, may be associated with the remaining 
exertional dyspnea during recovery. !%36 

Two limitations of our study should be addressed. 
First, there was no control group and therefore we can- 
not document whether the cardiopulmonary responses 
observed after exercise in our patients are characteristic 
in patients with heart failure. Second, exercise protocol 
in this study was limited to a constant 50 W. It is possi- 
ble that some had and others had not reached their 
anaerobic threshold at 50 W. This leads to a highly 
variable oxygen debt incurred during exercise among 
patients. Cardiopulmonary responses after symptom- 
limited maximal exercise remain to be evaluated not 
only in patients with heart failure but also in normal 
subjects. However, our results provide the possible ex- 
planation for why profound fatigue or dyspnea occurs 
during recovery as well as during heavy exercise in pa- 
tients with heart failure. 
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Lipoprotein (a) Blood Levels in Unstable Angina 
Pectoris, Acute Myocardial Infarction, and After 
Thrombolytic Therapy 
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Lipoprotein (a) [Lp(a)] appears to be involved in 
atherogenesis and in vitro studies have suggest- 
ed that it may interfere with thrombolysis. In this 
study, Lp(a) serum levels were determined by ra- 
dioimmunoassay in 124 patients with ischemic 
heart disease. Of these, 47 had acute myocardial 
infarction, 13 had unstable angina, and 64 were 
age-matched patients with stable angina. Of the 
60 patients with acute coronary artery disease, 
34 received thrombolysis and 26 did not. In ad- 
dition to Lp(a), serum plasminogen, a2 antiplas- 
min, fibrinogen, and D-dimer (cross-linked fibrin 
degradation products) levels were measured. 
These tests were repeated after 6 hours in pa- 
tients with myocardial infarction and unstable 
angina. No significant difference was found for 
admission Lp(a) levels among patients with myo- 
cardial infarction (0.324 + 0.047 g/liter), unsta- 
ble angina (0.435 + 0.123 g/liter) and stable an- 
gina (0.431 + 0.023 g/liter), between patients 
with myocardial infarction with or without 
thrombolytic treatment, nor between late and 
early measurements in patients with unstable 
angina and acute myocardial infarction. Plasmin- 
ogen, a2 antiplasmin and fibrinogen values de- 
creased significantly after thrombolytic treat- 
ment. The size of this decrease correlated posi- 
tively with higher Lp(a) blood levels (p <0.05). 
Patients with Lp(a) >0.25 g/liter had a 66% de- 
crease in fibrinogen and a 53% decrease in anti- 
plasmin, compared with 35 and 32%, respec- 
tively, in patients with Lp(a) level <0.25 g/liter 
(p <0.05). Plasminogen levels revealed a similar 
trend, with a 61% decrease for the higher values 
and a 45% decrease for the lower values. These 
data indicate that serum Lp(a) levels are not in- 
creased in acute myocardial infarction and un- 
stable angina, and are not influenced by throm- 
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bolytic treatment. In addition, no evidence was 
found that higher levels reduced systemic fibri- 
nolytic activity, as assessed by the usual diag- 
nostic tests. 

(Am J Cardiol 1991;67:1175-1179) 


nstable angina and myocardial infarction are 
| | acute manifestations of coronary artery dis- 
ease, related to plaque rupture,! platelet aggre- 
gation, thrombin activation? and formation of an oc- 
clusive intracoronary thrombus.* These processes also 
stimulate endogenous fibrinolysis; the balance between 
procoagulants and lytic forces could be | of the deter- 
minants of ultimate clinical outcome. Pharmacologic fi- 
brinolysis has now become routine treatment of patients 
with acute myocardial infarction in an effort to restore 
coronary blood flow promptly.* 

Lipoprotein (a) [Lp(a)] is composed of 1 low-density 
lipoprotein particle to which is covalently bound, to 
the apolipoprotein (apo) B moiety, 21 molecule of 
apo(a).>© Apo(a) is a glycosylated protein that shares 
considerable homology with plasminogen.’ The gene 
for apo(a) is adjacent to that of plasminogen on chro- 
mosome 6 (6227) and is composed of multiple repeats 
of kringle IV-like domains.® Although the role of Lp(a) 
is poorly understood, it interferes with thrombolysis by 
decreasing the rate of plasminogen activation by strep- 
tokinase or tissue plasminogen activator by binding to 
fibrin and by competing with plasminogen for its recep- 
tor on vascular endothelial cells.?-!3 In this study, we 
assessed serum levels of Lp(a) during the acute process 
of unstable angina and acute myocardial infarction and 
examined the interaction of these levels with markers of 
fibrinolytic activity during thrombolysis. 


METHODS 

Study patients: The study group comprised 124 hos- 
pitalized patients, 60 with an acute manifestation of 
coronary artery disease and 64 with stable angina. Pa- 
tients with acute disease were a consecutive series of 
patients admitted for 21 episode of chest pain 230 
minutes in duration, not relieved by sublingual nitro- 
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glycerin, and accompanied by an ST-segment shift or 
T-wave inversion on the 12-lead electrocardiogram. Se- 
rial creatine kinase and MB-isoenzyme blood levels 
were obtained, and acute myocardial infarction was di- 
agnosed when total creatine kinase values doubled with 
the MB fraction present; unstable angina was diag- 
nosed when no such enzyme elevation was observed. 
Myocardial infarction occurred in 47 patients and un- 
stable angina in 13. Patients were further divided into a 
group of 34 patients who received thrombolytic therapy 
and a group of 26 who did not. The thrombolytic 
agents used were streptokinase in 29 patients at a dose 
of 1.5 million U administered intravenously during 30 
to 45 minutes or single-chain, recombinant tissue-type 
plasminogen activator (Activase®, Genentech Corpora- 
tion) in 5 patients at a total dose of 100 mg adminis- 
tered over 4 hours with the step-down infusion protocol 
recommended by the manufacturer. All patients who 
received thrombolysis had ST-segment elevation on 
their initial electrocardiogram; one-third of those who 
did not also had ST elevation. 

The patients with stable angina were selected by 
computer in a random order from a pool of 900 pa- 
tients hospitalized for elective cardiac catheterization 
requested by the treating physician. Criteria for their 
selection included the presence of angiographically doc- 
umented coronary artery disease with percent luminal 
diameter reduction of 250% in the right or left coro- 
nary artery. They were further selected by computer to 
match the age and sex of the group of patients with 
acute coronary artery disease. 

Blood sampling and analyses: Blood analyses per- 
formed included total creatine kinase and its MB frac- 
tion, total cholesterol, high-density lipoprotein (HDL) 
cholesterol, low-density lipoprotein (LDL) cholesterol, 
triglycerides, Lp(a), plasminogen, fibrinogen, a anti- 
plasmin and D-dimers levels. 

In patients with unstable coronary artery disease, 
cardiac enzymes were determined at admission, every 2 
hours for 6 hours and every 4 hours for the following 24 
hours. Lp(a) values were obtained at admission before 
the administration of any specific treatment for acute 
myocardial infarction or unstable angina and 6 hours 
later. Fibrinolytic activity measured by levels of plas- 
minogen, fibrinogen, antiplasmin and D-dimers were 
similarly assessed at admission and 6 hours later. The 
lipid profile, excluding Lp(a), was obtained in the fast- 
ing state between 8 to 18 hours after admission. In pa- 
tients with stable angina, the lipid measurements were 
performed the morning after admission, after a 12-hour 
fasting period and before angiography. 

Creatine kinase blood levels were measured with op- 
timized reagents from Boehringer-Mannheim and its 
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MB fractions by immunoinhibition reagent from Boeh- 
ringer-Mannheim, verified if necessary by agarose elec- 
trophoresis. Blood samples for lipid determination were 
obtained in tubes with no anticoagulant, and for coagu- 
lation factor determination in tubes with buffered sodi- 
um citrate. These were immediately centrifuged and 
the plasma stored at —70°C for subsequent batch anal- 
yses. Total blood cholesterol, HDL cholesterol and tri- 
glyceride levels were measured by enzymatic techniques 
with standards and reagents from Boehringer-Mann- 
heim. The precipitating agent used for HDL cholesterol 
was low-molecular-weight dextran sulfate with magne- 
sium chloride. LDL cholesterol levels were calculated 
using the Friedewald equation. !4 

Lp(a) blood levels were analyzed by radioimmuno- 
assay with antisera standards and control materials 
from Pharmacia Diagnostic AB (Uppsala, Sweden). 
Cross reactivity with plasminogen and apo B is absent 
up to concentrations of 8.5 g/liter of plasminogen and 
7.0 g/liter of apo B in this assay.!5 

Serum fibrinogen, plasminogen and a» antiplasmin 
were measured by the Automated Coagulation Labora- 
tory (Fisher Scientific Ltd, Milan, Italy). Thrombo- 
plastin from Baxter Co. Ltd (Miami, Florida) was used 
for the fibrinogen assay. The plasminogen assay was 
performed with the samples incubated in an excess of 
streptokinase and the plasmin-like activity detected on 
a synthetic chromogenic substrate. Reagents for plas- 
minogen and qa antiplasmin were from Instrumenta- 
tion Laboratory SPA (Milan, Italy). The samples were 
incubated with an excess of plasmin in biologic condi- 
tions minimizing the influence of other plasmin inhibi- 
tors, and residual plasmin activity was measured on the 
synthetic chromogenic substrate. Determination of D- 
dimers was made semiquantitatively with the Latex 
slide test (Ortho Dimer test, Ortho Diagnostic Systems, 
Beerse, Belgium). 

Statistical analysis: Data were analyzed using the 
BMDP statistical software package (Los Angeles, Cali- 
fornia). Baseline characteristics of the various study 
groups were compared using the ¢ test for continuous 
data and chi-square analysis for discrete data after hav- 
ing assessed any significant departure of the data from 
the mean. Paired ź tests were used when comparing 
changes in values within the same subjects. Because 
Lp(a) blood levels followed a non-normal distribution, 
they were analyzed using the nonparametric Mann- 
Whitney analysis for nonmatched comparisons of 2 
populations. An Lp(a) cut-off value of 0.25 g/liter 
served to discriminate normal or abnormally high val- 
ues. The semiquantitative data of D-dimers levels were 
analyzed by a significant test of rate of 2 samples. The 
level of a p value <0.05 was considered statistically sig- 
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TABLE I Demographic Characteristics and Lipid Profiles of 
the Various Study Groups* 


Study Groups 


No. of pts. 


Male /female 


Age (yrs) 


Myocardial 
Infarction 


47 


39/8 
95+ 7 


Unstable 
Angina 


13 
7/6 
6444 


Stable 
Angina 


64 


44/20 
52+2 


Total cholesterol 5.06 + 0.25 5.65 + 0.47 6.09+0.14 
(mmol /liter) 
LDL cholesterol 
(mmol /liter) 
HDL cholesterol 
(mmol /liter) 
Triglycerides 


(mmol /liter) 


3.56 + 0.29 3.58 + 0.37 3.95+0.12 


0.98 + 0.04 0.94 + 0.12 1.03 + 0.03 


1.50 +0.12 2.51 +0.65 2.40 +0.19 


* No statistically significant differences exist between any of the study groups. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 


nificant. Values are expressed as mean + standard er- 
ror of the mean. 


RESULTS 

Mean age of the study population was 54 + 12 
years, and 73% were men. Clinical characteristics and 
lipid profiles of the various study groups are listed in 
Table I. These were evenly distributed; a trend to high- 
er total blood cholesterol was present in patients with 
stable angina. The Lp(a) levels in the 3 groups as well 
as in patients with myocardial infarction who did or did 
not receive thrombolytic therapy are listed in Table II, 
which also lists the levels observed before and 6 hours 
after administration of streptokinase or recombinant 
tissue-type plasminogen activator. The mean value of 
the lipoprotein in patients with acute coronary syn- 
drome (unstable angina and myocardial infarction) was 
0.350 + 0.046 g/liter and in patients with stable angina 
0.431 + 0.023 g/liter (p = 0.3). Patients with acute 
disease who did or did not undergo thrombolysis also 
had similar baseline levels—0.356 + 0.056 and 0.342 
+ 0.073 g/liter, respectively. The use of a thrombolytic 
agent (streptokinase or recombinant tissue-type plas- 
minogen activator) did not modify Lp(a) levels assessed 
6 hours after initiation of treatment: 0.356 + 0.056 
compared with 0.342 + 0.073 g/liter after 6 hours. 
However, plasminogen levels decreased from 1.169 + 
0.055 to 0.504 + 0.061 g/liter (p <0.001), œz antiplas- 
min from 1.077 + 0.047 to 0.532 + 0.058 IU /liter (p 
<0.001 ) and fibrinogen from 3.781 + 0.242 to 1.791 + 
0.214 g/liter (p <0.001) between baseline and 6 hours. 

The decrease in plasminogen, a antiplasmin and 
fibrinogen correlated inversely with higher Lp(a) serum 
levels. Before fibrinolysis, values were similar in the 
groups with normal (<0.25 g/liter) or high (>0.25 g/ 
liter) Lp(a) levels. After induced fibrinolysis, normal 
Lp(a) levels were associated with mean plasminogen 








TABLE Il Lipoprotein (a) Blood Levels in the Various Study 
Groups and Before and After Fibrinolysis 













No. Lp(a)* (g/liter) 

Stable angina 64 0.431 + 0.023 

Acute coronary disease 60 0.350 + 0.046 
Myocardial infarction 47 0.324 + 0.047 
Unstable angina 13 0.431 +0.123 
Thrombolysis 34 0.356 + 0.056 
No thrombolysis 26 0.342 + 0.073 
Before thrombolysis 34 0.356 + 0.056 
After thrombolysis 


— 0.326 + 0.067 


* Mean + standard error of the mean; no statistically significant differences existed 
between any of the subgroups. 





levels of 0.595 + 0.105 g/liter, versus 0.398 + 0.035 
with high values (p = 0.1), œz antiplasmin levels of 
0.659 + 0.092 IU/liter versus 0.394 + 0.029 (p = 
0.01) and fibrinogen levels of 2.181 + 0.344 g/liter 
versus 1.370 + 0.212 (p = 0.05) (Figure 1). The per- 
cent decreases were 45 + 12 versus 61 + 5% for plas- 
minogen, 35 + 11 versus 53 + 13% for a antiplasmin 
and 32 + 13 versus 65 + 5% for fibrinogen. 

D-dimer levels increased to the detectable range in 8 
of the 29 patients who received thrombolytic treatment 
and in only | of the 22 patients who did not (p <0.05). 
This increase occurred more often in patients with 
higher Lp(a) serum levels, 5 of 13 (38%), than in those 
with normal levels, 3 of 16 (19%, difference not signifi- 
cant). The selection of recombinant tissue-type plas- 
minogen activator or streptokinase as the thrombolytic 
agent did not quantitatively modify the results, al- 
though few patients received recombinant tissue-type 
plasminogen activator—4 in the subgroup with normal 
Lp(a) levels and | in the subgroup with high levels. The 
results in these 4 patients were similar to those of the 
whole group. The other clinical parameters were also 
equally distributed between patients with normal or 
high Lp(a) levels (Table III). 


DISCUSSION 

This study documents similar Lp(a) levels in pa- 
tients in the acute phase of unstable angina and myo- 
cardial infarction and in patients with stable coronary 
artery disease. Furthermore, it shows that higher levels 
are not associated with a significant inhibition of the 
markers of fibrinolysis. Rather, high levels were associ- 
ated with a significantly greater decrease in a antiplas- 
min and in fibrinogen levels. 

The association between Lp(a) levels and athero- 
sclerosis has been documented previously.!®-2° Higher 
levels are associated with more severe coronary artery 
disease! and premature manifestation of the dis- 
ease.'’!8 Familial aggregation studies have shown a 
2.5% higher risk, with levels above 0.25 g/liter.'!? The 
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TABLE Ill Clinical Characteristics and Lipid Profiles 
Associated with Normal or High Lipoprotein (a) Blood Levels 
in Patients with Acute Ischemic Syndromes 


Lp(a) Blood Levels 


<0.25 g/liter 


>0.25 g/liter 


No. of pts. 33 

Lp(a) (g/liters) 0.107 + 0.015 

Age (yrs) 

Male /female 

Smokers 

Total cholesterol 
(mmol/liter) 

LDL cholesterol 
(mmol/liter) 

HDL cholesterol 
(mmol/liter) 

Triglycerides 
(mmol/liter) 

Thrombolytic treatment 18 17 
With rt-PA 4 1 
With streptokinase 14 16 


Lp(a) = lipoprotein (a); rt-PA = recombinant tissue-type plasminogen activator; 
other abbreviations as in Table |. 


5.29 + 0.27 9.17+0.21 


3.65 + 0.32 3.39 + 0.20 
0.98 + 0.05 1.02 + 0.05 


1.84 + 0.23 1.58 +0.14 





increase in risk is independent of other predictors!6-!8; 
combined with high LDL cholesterol values, this in- 
crease is in the range of 5%,!6!7 

The atherogenecity of apo(a) can be related to its 
strong binding to the glycosoaminoglycans of the arteri- 
al wall?! and to increased cholesterol ester accumula- 
tion in macrophages.” The lipid content of Lp(a) is 


Plasminogen 


0,0 
Before 


fibrinolysis 


After 
fibrinolysis 


Before 
fibrinolysis 


Lp(a) serum level 


o.,-Antiplasmin 


carried by apo B-100. This apo B-100 molecule, unique 
among lipoproteins, is linked to a high-molecular-mass 
glycoprotein, apo(a). Apo(a) contains the cation do- 
main of serine protease esterase, which is nearly identi- 
cal to the domain of plasminogen responsible for its 
linkage to the receptor. It lacks, however, the protein 
esterase arginine site responsible for the cleavage of fi- 
brin; this site is replaced by a serine site that possesses 
no action on fibrin. 

Experimental studies have indeed documented that 
Lp(a) decreases streptokinase-mediated lysis of fibrin 
clot? by competing directly with the plasminogen recep- 
tors.!°-!? A plasma concentration of 0.25 to 0.40 g/liter 
could occupy 20% of the receptors,!? resulting in a cor- 
responding reduction in fibrinolytic activity. 

In this study, we investigated whether these observa- 
tions could be extended to the acute phase of unstable 
angina and myocardial infarction. No clear association 
could be demonstrated: Mean levels of Lp(a) were sim- 
ilar in all study groups. It is noted, however, that all 
patients had documented coronary artery disease. 

Total cholesterol and LDL cholesterol values were 
slightly less in patients with unstable angina or acute 
myocardial infarction, in accordance with previous ob- 
servations of decreased levels during acute ischemic 
states.” Transient changes in serum Lp(a) have also 
been reported in acute myocardial infarction, implying 
that the lipoprotein may respond like an acute phase 
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FIGURE 1. Fibrinolytic activity measured before and 6 hours after administration of the 





agent. The decrease in 


thrombolytic 
plasminogen, 1p aipania dil in @brinogen is greater th patients with bigh lipoprotein (a) [Lp(a)] bieod levels then in patients 
with lower values, suggesting greater activation of fibrinolysis in these patients. 
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reactant to inflammatory processes.** However, maxi- 
mal levels in that study were reached after 5 to 10 days, 
showing a slow-phase reaction; in our study, levels were 
measured after only 6 hours. 

Although the acute thrombotic event was not ac- 
companied by an acute elevation of Lp(a), compared 
with patients with stable angina, an important role of 
the apolipoprotein at the local level cannot be excluded. 
The triggers for thrombotic events appear local and re- 
lated to plaque characteristics and local blood flow rhe- 
ology. Thus, local thrombogenic forces may overwhelm 
local fibrinolysis, resulting in clot formation. In this 
study, thrombotic activity was not measured and higher 
thrombotic activity could be an explanation for the en- 
hanced fibrinolytic activity observed with higher Lp(a) 
levels. Thus, it could be hypothesized that the accentu- 
ated fibrinolysis and fibrinogenolysis present with Lp(a) 
levels >0.25 g/liter could paradoxically reflect reduced 
local fibrinolytic activity. 

In addition to the complexity of extrapolating sys- 
temic observations to a local problem, the interpretation 
of our results is further complicated by the size poly- 
morphism of apo(a). The apolipoprotein presents in 
multiple isoforms, varying in molecular weight from 
300 to 700 KD. To date, 11 isoforms have been de- 
scribed?> and the size heterogeneity appears to be due 
to varying numbers of kringle 1V-like domains in the 
molecule. This size polymorphism influences total levels 
of Lp(a). In this study, the isoforms of Lp(a) were not 
measured. 
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Role of Sinus Node Artery Disease 
in Sick Sinus Syndrome in 
Inferior Wall Acute Myocardial Infarction 


Paolo Alboni, MD, Gian Franco Baggioni, MD, Salvatore Scarfo, MD, Riccardo Cappato, MD, 
Gian Franco Percoco, MD, Nelly Paparella, MD, and Gian Enrico Antonioli, MD 


This study was undertaken to evaluate a possible 


role of sinus node (SN) artery disease in the 
pathogenesis of sick sinus syndrome (SSS) in pa- 
tients with an inferior wall acute myocardial in- 
farction (AMI). Coronary angiography and elec- 
trophysiologic studies of the SN, both in the bas- 
al state and after pharmacologic autonomic 
blockade, were performed in 23 study patients 
(mean age 60 years) with SSS and a previous in- 
ferior wall AMI and in another 23 control pa- 
tients (mean age 57 years) with normal sinus 
rate and a previous inferior AMI. Stenosis of the 
SN artery (or that proximal to its origin) >50% 
was present in 13 study patients (56%) and in 8 
control patients (34%) (p <0.05). In the study 
group, the intrinsic heart rate was abnormal in 5 
of the 6 patients (83%) with severe SN artery 
stenosis (>75% narrowing), in 3 of the 7 (43%) 
with moderate stenosis (50 to 75% narrowing) 
and in 3 of the 10 (30%) with insignificant ste- 
nosis (<50% narrowing). In the study group, the 
correlation between the SN measures (heart 
rate, corrected SN recovery time and sinoatrial 
conduction time) and the severity of SN artery 
stenosis was good after autonomic blockade 
(r between 0.59 and 0.64) and poor in the basal 
state. These data provide evidence for a role of 
SN artery disease in the pathogenesis of SSS in 
patients with an inferior wall AMI. 

(Am J Cardiol 1991;67:1180-1184) 
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and coronary artery disease is controversial. 

Most reports of SSS include a large percentage 
of patients with coronary artery disease. A role for cor- 
onary artery disease of the sinus node (SN) might thus 
be inferred; however, coronary artery disease as a cause 
of SSS remains unproven. In the setting of acute myo- 
cardial infarction (AMI), SN dysfunction occurs more 
frequently in inferior than in anterior wall AMI; in 
most patients it is transient and the explanations most 
frequently offered to explain its etiology are: (1) isch- 
emia of the SN; (2) stimulation of Bezold-Jarisch re- 
flexes through activation of inhibitory cardiac receptors 
in the inferior wall of the left ventricle; and (3) intracel- 
lular electrolytes and metabolites, in particular potassi- 
um and adenosine, that are released from ischemic 
cells. In few patients, SSS persists after the hospital 
course,'? and they represent, in our opinion, a selected 
group suitable to be investigated for a possible role of 
obstructive disease of the SN artery in the pathogenesis 
of SSS, so far not demonstrated. The present study 
evaluates whether, in patients with SSS and a previous 
inferior wall AMI, there is a relation between SN ar- 
tery disease and basal or intrinsic involvement, or both, 
of SN function; to this end, a control group of patients 
with a previous inferior wall AMI and normal sinus 
rate was investigated as well. 


T he relation between sick sinus syndrome (SSS) 


METHODS 

Electrophysiologic studies of the SN were per- 
formed in 23 consecutive patients with SSS and a pre- 
vious inferior AMI undergoing coronary angiography 
for angina or a positive effort test (study group), or 
both. The medical charts and electrocardiograms of 
each patient were reviewed. The diagnosis of an inferior 
AMI was based on a history of chest pain, enzymatic 
changes typical of AMI and evolutionary electrocardio- 
graphic changes in leads II, III and aVF, with develop- 
ment of pathologic Q waves. 

The following criteria were used for enrollment of 
the patients into the study group: (1) previous inferior 
AMI; (2) persistent sinus bradycardia (resting sinus 
rate <50 beats/min) not induced by drugs or intermit- 
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tent sinoatrial block; (3) persistence of these alterations 
on discharge after AMI and in the successive follow-up 
visits; and (4) New York Heart Association functional 
class I to II. Informed signed consent was obtained 
from each patient. 

Coronary angiography was performed by the Jud- 
kins technique or by the Sones approach. Angiographic 
identification of the SN artery was based on the ana- 
tomic description of James.? Note was taken of the ori- 
gin of the SN artery. SN artery involvement was diag- 
nosed because of stenosis of the main right or the cir- 
cumflex coronary artery proximal to the SN artery 
origin or because of occlusion of the SN artery. Precise 
estimates of SN artery stenosis were impossible because 
of the small size of that vessel. In addition, note was 
taken of the severity of stenosis of the 3 main coronary 
arteries and their large branches. The lesions were 
graded as insignificant (<50% diameter narrowing), 
moderate (250 to <75% narrowing) or severe (=75% 
narrowing). Coronary anatomy was then classified ac- 
cording to the number of major vessels diseased. Steno- 
sis 250% of the left main coronary artery was reported 
as 2-vessel disease. The presence of collateral blood 
flow in the atrial region was evaluated. Each arterio- 
gram was reviewed by 3 observers. 

At the end of coronary angiography, a quadripolar 
catheter was introduced percutaneously via the femoral 
vein and positioned in the right atrium. The patient was 
then returned to his hospital room with the atrial cathe- 
ter in place. On the following day, an electrophysiologic 
study of SN function was performed in the catheteriza- 
tion room in the postabsorptive nonsedated state. Atrial 
stimulation was performed with a programmable stim- 
ulator, the induced stimuli being 2 times the diastolic 
threshold and 2 ms in duration. 

The mean sinus cycle length was obtained by aver- 
aging 10 consecutive sinus cycles. SN recovery time 
was measured as previously described.4 The maximal 
corrected SN recovery time was calculated as described 
by Narula et al.° Sinoatrial conduction time was esti- 
mated by the continuous pacing method described by 
Narula et al. After this, autonomic blockade was 
achieved by administration of 0.2 mg/kg of propranolol 
and of 0.04 mg/kg of atropine, as previously de- 
scribed,*+’ and measurements of SN variables were re- 
peated, similar to those obtained in the basal state. 
These measurements were completed in <30 minutes. 
The predicted intrinsic heart rate was estimated for 
each patient using the linear regression equation de- 
rived by Jose and Collison,’ relating intrinsic heart rate 
to age. 

An electrophsiologic study of the SN was performed 
with the same method in another 23 patients undergo- 
ing coronary angiography for angina or positive effort 


test, or both (control group). The following criteria 
were used for enrollment of the patients into this group: 
(1) previous inferior AMI; (2) normal resting sinus rate 
(between 60 and 100 beats/min) and absence of atrial 
arrhythmias; (3) normal sinus rate on discharge after 
AMI and in the successive follow-up visits; and (4) 
New York Heart Association functional class I to II. 
The control group was chosen by selecting the first pa- 
tient with the aforementioned criteria who underwent a 
coronary angiography after each patient of the study 
group. 

Statistical evaluations were performed using the 
Wilcoxon test (p value significant at <0.05). Results 
are given as mean + standard deviation. 


RESULTS 

The mean (+ standard deviation) age of the study 
group was 60 + 8 years (18 men and 5 women); the 
mean age of the control group was 57 + 8 years (19 
men and 4 women) (difference not significant). Of the 
study group, 17 patients had sinus bradycardia, 2 had 
intermittent sinoatrial block and 4 had bradycardia- 
tachycardia syndrome. Five patients had syncope or 
dizziness. The time between the AMI and the coronary 
angiography was 9 + 6 months in the study group and 
10 + 6 months in the control group (difference not 
significant), No patient received thrombolytic therapy 
during the AMI. 

The SN artery was identified in all patients; in the 
study group, it originated from the right coronary ar- 
tery in 13 of the 23 patients (57%) and from the cir- 
cumflex in 8 (35%); 2 had a SN artery originating 
from both the right and the circumflex coronary arter- 
ies. In the control group, it originated from the right 
coronary artery in 15 of the 23 patients (65%) and 
from the circumflex in 8 (35%). In the study group, an 
involvement of the SN artery (or that proximal to it) 
>50% was present in 13 of the 23 patients (57%): in 6 
patients the lesion was proximal to the SN artery ori- 
gin, in 6 the SN artery originated from diseased areas 
of the parent artery, and 1 patient had an occlusion of 
the SN artery. In 6 of these 13, the lesion was severe 
(275% narrowing). 

In the control group, an involvement of the SN ar- 
tery (or that proximal to it) >50% was present in 8 of 
the 23 patients (34%): in 3, the lesion was proximal to 
the SN artery origin, and in 5 it originated from dis- 
eased areas of the parent artery. In 3 of these 8, the 
stenosis was severe (275% narrowing). 

The prevalence of obstruction of the SN artery (or 
that proximal to it) >50% was significantly higher in 
the study group than in the control group (p <0.05), 
whereas the prevalence of severe obstruction (=75%), 
even though it doubled in the study group, was not sig- 
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TABLE I Twenty-Three Patients with Sick Sinus Sindrome and Previous Inferior Wall Acute Myocardial Infarction (Study Group): 
Mean Values + Standard Deviation of Both Basal and Intrinsic Sinus Node Measures in Relation to the Severity of Stenosis of the 


Sinus Node Artery (or That Proximal to Its Origin) 
A B 





Stenosis 275% 
(6 pts) 


48+5 
1,184 + 1,230 
230+ 79 
594 11 
1,916 + 1,887 
234 + 56 


(7 pts) 


Basal HR* (beats/min) 
Basal CSRT (ms) 

Basal SACT (ms) 
Intrinsic HR (beats /min) 
Intrinsic CSRT (ms) 
Intrinsic SACT (ms) 


* During electrophysiologic study. 


Stenosis >50% — <75% 


C 


Stenosis <50% 
(10 pts) 


<0.01 (between A and B, B and C) 
<0.05 (between A and B, A and C) 
<0.05 (between A and C) 


CSRT = corrected sinus node recovery time; HR = heart rate; SACT = sinoatrial conduction time. 


nificantly different between the 2 groups. In the study 
group, 30% of the patients had a stenosis 250% of 1 
major vessel, 43% had 2-vessel disease and 26% 3-ves- 
sel disease. In the control group, 26% of the patients 
had a stenosis >50% in 1 major vessel, 48% had 2- 
vessel disease and 26% 3-vessel disease. The differences 
between the 2 groups were not statistically significant. 
Collateral blood flow in the atrial region was evident 


STUDY GROUP (23 pts) 
alg 





only in | control patient. The mean ejection fraction 
was 49 + 10 in the study group and 51 + 12 in the 
control group (difference not significant). 

In Table I and Figures 1 and 2, the mean values of 
electrophysiologic variables of the SN obtained in the 
study group both before and after autonomic blockade 
are reported in relation to the severity of stenosis of the 
SN artery (or that proximal to it). In the basal state, 
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FIGURE 1. Patients with sick sinus syn- 

drome and inferior myocardial infarction 

(study group). Mean values of both basal 
and intrinsic corrected sinus node recov- 

ery time (CSRT) in relation to the severity 
of stenosis of the sinus node (SN) artery 

(or that proximal to its origin). 
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TABLE Il Twenty-Three Patients with Normal Sinus Rate and Previous Inferior Wall Acute Myocardial Infarction (Control Group): 
Mean Values + Standard Deviation of Both Basal and Intrinsic Sinus Node Measures in Relation to the Severity of Stenosis of the 


Sinus Node Artery (or That Proximal to Its Origin) 
A B 


Stenosis 275% À 
(3 pts) (5 pts) 


Basal HR* (beats/min) 71+7 

Basal CSRT (ms) 387 +71 
Basal SACT (ms) 180417 
Intrinsic HR (beats / min) 77+11 
Intrinsic CSRT (ms) 270 + 26 
Intrinsic SACT (ms) 170+ 23 


* During el solos 
a cin Tablet y 


the sinus rate (during electrophysiologic study) was sig- 
nificantly lower in patients with severe stenosis than in 
those with an insignificant lesion (p <0.05), whereas 
corrected SN recovery time and sinoatrial conduction 
time did not show significant differences. On the con- 
trary, after autonomic blockade, all the measures of in- 
trinsic SN function were significantly more compro- 
mised in the patients with severe stenosis than in those 
with an insignificant lesion (p <0.05). 

In the control group (Table II), in the basal state, 
the SN measures did not show significant differences 
between the patients with severe, moderate and insig- 
nificant stenosis of the SN artery (or that proximal to 
it); after autonomic blockade, only intrinsic sinoatrial 
conduction time was significantly longer in the patients 


FIGURE 2. Study group patients. Mean 
values of both basal and intrinsic sinoatrial 
conduction time (SACT) in relation to the 
severity of stenosis of the sinus node (SN) 
artery (or that proximal to its origin). 
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with severe stenosis (p <0.05). In the study group, the 
intrinsic heart rate was abnormal in 5 of the 6 patients 
(83%) with severe SN artery stenosis, in 3 of the 7 
(43%) with moderate stenosis and in 3 of the 10 (30%) 
with an insignificant stenosis. In the control group, the 
intrinsic heart rate was abnormal in 1 of the 3 patients 
(33%) with severe SN artery stenosis, in 1 of the 5 
(20%) with moderate stenosis and in none of the 15 
(0%) with insignificant stenosis. 

In the study group, the correlation between the SN 
measures and the severity of SN artery stenosis was 
poor in the basal state, whereas it was good (r between 
0.59 and 0.64) after autonomic blockade. In the control 
group, this correlation was poor both in the basal state 
and after autonomic blockade. 


STUDY GROUP i23pts) 


ene! 


INTRINSIC 


+ <,.05 between 
AandC 


C A B 


SN artery. stenosis 1(>75%) 


'>50-<75%j 
(<50%) 


, (6 pts) 
, (7 pts) 
, 10 pts) 










PATHOGENESIS OF SINUS, BRADY‘ 


No major adverse effects were reported during ei- 
ther coronary angiography or electrophysiologic study. 


DISCUSSION 

Necropsy studies have revealed few major lesions of 
the blood vessel supplying the SN in patients with 
SSS,*-!© but the number of cases studied was very 
small and even fewer have been investigated by post- 
mortem angiography. 

In 2 previous studies, the electrophysiologic mea- 
sures of SN were correlated with the severity of SN 
artery disease, but in subjects with normal sinus rate 
and only in the basal state.'!:!2 Engel et al!! failed to 
demonstrate a correlation between prolongation of cor- 
rected SN recovery time and the presence or the extent 
of atherosclerotic lesions proximal to the origin of the 
SN artery. In contrast, Jordan et al!? demonstrated 
that sinoatrial conduction time is correlated with the 
site of atherosclerotic involvement of the SN artery. 
From the results of that study, it was concluded that in 
patients with coronary artery disease the sinoatrial con- 
duction time is the most sensitive indicator of subtle 
electrophysiologic abnormalities of SN function. In our 
patients with inferior infarction and normal sinus rate 
(control group), we obtained similar results; only sino- 
atrial conduction time obtained after autonomic block- 
ade was significantly longer in the patients with severe 
stenosis of the SN artery. 

In the patients with an inferior infarction and SSS, 
the prevalence of stenosis of the SN artery (or that 
proximal to it) >50% was significantly higher than in 
those with an inferior infarction and a normal sinus rate 
(p <0.05). The prevalence of severe stenosis (275%) 
was double in the study group, compared with the con- 
trol group, even though the difference did not reach 
statistical significance. These results suggest a role for 
SN artery disease in the pathogenisis of SSS in patients 
with an inferior infarction. 

In the study group, there was a good correlation be- 
tween the measures of intrinsic SN function and the 
severity of SN artery involvement, whereas this correla- 
tion was not good in the basal state. Moreover, intrinsic 
corrected SN recovery time and intrinsic sinoatrial con- 
duction time were significantly more prolonged in the 
patients with severe SN artery stenosis than in those 
with an insignificant stenosis, whereas in the basal state 
these measures did not show significant differences 
(Table I); only basal sinus rate was significantly lower 
in the patients with severe SN artery stenosis, but that 
appears related to a lower intrinsic heart rate (Table I). 
These data also suggest that SN artery disease is an 
etiologic determinant of SSS in patients with an inferi- 
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or infarction. Moreover, they are evidence of a correla- 
tion between the severity of SN stenosis and the intrin- 
sic SN function, whereas there is no correlation in the 
basal state. The intrinsic involvement of the SN is likely 
an expression of an irreversible ischemic insult during 
the AMI; the autonomic system then conditions the in- 
trinsic SN function in a different way from subject to 
subject and consequently such correlation is not good in 
the basal state. 

In conclusion, our results show for the first time in 
the clinical setting a role for SN artery disease in the 
pathogenesis of SSS in a selected group of patients. 
There have been previous demonstrations only in exper- 
imental settings.!>-!> 

In some patients, SSS could exist before the AMI 
and it is therefore possible that the actual prevalence of 
SN artery disease in patients with SSS related to inferi- 
or infarction has been underestimated. Lesions within 
the SN artery are not well estimated because of the 
small size of that vessel and may be missed; for this 
reason as well, it is possible that the prevalence of SN 
artery involvement has been underestimated. A collat- 
eral blood flow compensating the reduced flow to the 
SN area can be present, but is not evident on coronary 
angiograms. 
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Prevalence of Risk Factors in Men with 
Premature Coronary Artery Disease 
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The prevalence of modifiable cardiovascular risk 
factors (systemic hypertension, diabetes melli- 
tus, cigarette smoking, low-density lipoprotein 
[LDL] cholesterol > 160 mg/dl and high-density 
lipoprotein [HDL] cholesterol <35 mg/dl) was de- 
termined in 321 men <60 years of age (mean + 
standard deviation 50 + 7) with premature coro- 
nary artery disease (CAD) documented at coro- 
nary angiography. The prevalence of these risk 
factors was markedly different than in the Fra- 
mingham Offspring Study population, used here 
as a comparison group. In the patients with 
CAD, only 3% had no risk factor (other than 
male sex), compared with 31% in the Framing- 
ham Offspring Study subjects. Most patients 
with CAD (97%) had 21 additional risk factor. 
When the patients with CAD were divided by age 
groups (40 to 49 years [n = 109], 50 to 59 [n = 
191]), no significant differences were observed 
in the prevalence of risk factors between the 
young and older patients. The prevalence of sys- 
temic hypertension (41 vs 19%, p <0.001), dia- 
betes mellitus (12 vs 1.1%, p <0.001), cigarette 
smoking (67 vs 28%, p <0.001) and HDL cho- 
lesterol <35 mg/dl (63 vs 19%, p <0.001) was 
markedly higher in the patients with CAD than in 
Framingham Offspring Study subjects, whereas 
the prevalence of LDL cholesterol >160 mg/dl 
was not significantly different between patients 
with CAD and Framingham Offspring Study sub- 
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jects (26 vs 26%). The use of -adrenergic 
blockers was associated with a decreased preva- 
lence of elevated LDL cholesterol and an in- 
creased prevalence of low HDL cholesterol, com- 
pared with patients not receiving this class of 
medication. When applying the guidelines of the 
National Cholesterol Education Program to pa- 
tients with established CAD, only 52% had total 
cholesterol levels >200 mg/dl and thus nearly 
half (48%) would not undergo further screening 
for lipoprotein abnormalities. In the group of pa- 
tients with a total cholesterol <200 mg/dl, 75% 
had a low HDL cholesterol (<35 mg/dl). It is rec- 
ommended that in men with established CAD, 
and in those with =1 additional risk factor, fast- 
ing triglyceride and HDL cholesterol levels be de- 
termined in addition to total cholesterol. 

(Am J Cardiol 1991;67:1185-1189) 


cardiovascular disease results in part from the 

publication of large-scale epidemiologic studies 
showing that cardiovascular disease is strongly related 
to cholesterol levels. In the United States, the Framing- 
ham Heart Study! and the Multiple Risk Factor Inter- 
vention Trial screening study? have shown that an in- 
creasing level of total cholesterol is associated with 
increased cardiovascular risk. The Coronary Drug Proj- 
ect,4 the Lipid Research Clinics Primary Prevention 
Trial*ć and, more recently, the Helsinki Heart Study’ 
have shown that in men with elevated cholesterol, hypo- 
cholesterolemic treatment is beneficial in terms of car- 
diovascular morbidity and mortality. 

Based on these results, the National Cholesterol 
Education Program adult treatment panel® has put 
forth guidelines for the screening and treatment of lipid 
disorders in adults. Similar guidelines have been estab- 
lished in Canada and Europe.?:!° Patients with estab- 
lished coronary artery disease (CAD) have been shown 
to benefit from cholesterol-lowering therapy. Both nia- 
cin and clofibrate with niacin have been shown to re- 
duce mortality after myocardial infarction.!!:'2 Newer 


T he current wave of interest in cholesterol and 
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drugs for lipid disorders allow treatment of severe dys- 
lipidemias with a high degree of success and minimal 
adverse effects. !3-14 

Applying the National Cholesterol Education Pro- 
gram criteria to the second National Health and Nutri- 
tion Examination Survey, Sempos et al!> concluded 
that 36% of adults aged 20 to 74 years are candidates 
for dietary or drug regimens for elevated low-density 
lipoprotein (LDL) cholesterol. Similarly, Wilson et al!6 
assessed the impact of National Cholesterol Educa- 
tion Program guidelines on the Framingham Offspring 
Study (third examination cycle). The presence of risk 
factors, including male sex, a family history of prema- 
ture CAD, systemic hypertension, diabetes melli- 
tus, smoking (>10 cigarettes /day), obesity (>130% of 
ideal body weight), peripheral or cerebrovascular dis- 
ease, and decreased high-density lipoprotein (HDL) 
cholesterol (<35 mg/dl) determines the level at which 
elevated LDL cholesterol should be treated.’ Applying 
the guidelines, they showed that 35% of men and 19% 
of women had an LDL cholesterol level warranting 
therapy, when other risk factors were taken into 
account. 

As recently reviewed by Gordon and Rifkind,!’ a 
low HDL cholesterol is an independent cardiovascular 
risk factor for the development of CAD, especially in 
countries with a high saturated fat intake. 

Our purpose was to determine the prevalence of re- 
duced HDL cholesterol (<35 mg/dl) and elevated 
LDL cholesterol (2160 mg/dl), as well as other con- 
ventional risk factors, in a group of men with angio- 
graphically documented CAD, compared with that pre- 
viously reported in a population of men with no evi- 
dence of cardiovascular disease.!© We also determined 
the impact of the National Cholesterol Education Pro- 
gram guidelines on the detection of significant lipopro- 
tein abnormalities in these patients. 


METHODS 

Patients: The group of patients with angiographical- 
ly documented CAD comprised 321 consecutive Cau- 
casian men sampled between July 1986 and December 
1987 who met the following criteria: (1) presence of 
CAD, defined as >50% stenosis of a major epicardial 
coronary artery on multiple projections (>75% cross- 
sectional area stenosis); (2) age <60 years at the time 
of the angiographic diagnosis; (3) no patient was sam- 
pled within 6 weeks of myocardial infarction, surgery or 
trauma; (4) patients receiving lipid-lowering medica- 
tions were excluded from the study. At the time of the 
initial examination, information on smoking, hyperten- 
sion, diabetes and use of medications (especially 8 
blockers) was gathered. Blood samples were obtained 
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the morning after admission, before the diagnostic cor- 
onary angiogram. The referral base of the cardiac cath- 
eterization laboratory comprises the north and north- 
west areas of greater Boston, and northeastern Mas- 
sachusetts. The ethnic origin of the patients is predomi- 
nantly northern and western European. Too few pa- 
tients were receiving diuretics for meaningful statistical 
analysis of the effects of diuretics on lipid and lipopro- 
tein cholesterol levels. Because of difficulties in ascer- 
taining the cause of death in patients’ relatives, family 
history of premature CAD was not considered. 

Lipid and lipoprotein analysis: Blood samples were 
drawn after an overnight fast in tubes containing eth- 
ylenediaminetetraacetic acid to a final concentration of 
1.2 mg/ml. Plasma total cholesterol and triglycerides 
were determined by enzymatic methods, and HDL 
cholesterol was determined after dextran-Mgt?* precip- 
itation.'*!? LDL cholesterol was calculated according 
to the Friedewald formula? when the triglyceride level 
was <400 mg/dl. In patients and control subjects with 
hypertriglyceridemia, very-low-density lipoprotein cho- 
lesterol was measured as total cholesterol minus the 
d = 1.006 g/ml infranant after ultracentrifugation, 
and LDL cholesterol as the d = 1.006 infranate mi- 
nus HDL cholesterol by precipitation. Our laboratory 
meets the performance criteria of the Centers for Dis- 
ease Control cholesterol standardization program. 

We previously established that patients sampled in 
hospital for elective cardiac catheterization have lower 
HDL cholesterol levels than when sampled in the free- 
living state.*! No change, however, was observed be- 
tween the hospital and free-living values for total cho- 
lesterel, triglyceride or LDL cholesterol levels. HDL 
cholesterol was therefore corrected for a hospital sam- 
pling effect.?!:?? Based on our previously published ob- 
servations on a group of 72 patients sampled in the hos- 
pital for elective hospitalization and, again, in the free- 
living state, we found that HDL cholesterol was 10.9% 
higher in the free-living state. In this study, HDL cho- 
lesterol was increased by 1.109 to correct for that sam- 
pling bias.?2 

Statistical analysis: Data were stored on a VAX/ 
VMS 11/785 computer (Digital Equipment Corpora- 
tion, Maynard, Massachusetts), using the database 
RS/1 (BBN Software, Cambridge, Massachusetts). 
The Statistical Analysis Systems package and pro- 
grams in RPL language (RS/1) were used to calculate 
the frequencies of various risk factors, which were then 
compared by chi-square analysis. Based on a subgroup 
analysis (n = 43 in the group with CAD, n = 76 in the 
Framingham Offspring Study group) of diet by food- 
frequency questionnaires,*> we estimated that total cho- 
lesterol was 6.6% lower in the group with CAD with 
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TABLE I Prevalence of Risk Factors in Coronary Artery 
Disease Cases Versus Framingham Offspring Study Control 
Subjects 


FOS Controls* CAD p Value 


Number 

Age (yrs) 

Cigarette smoking (%) 

BP >150/90 mm Hg (%) 

Diabetes mellitus (%) 

LDL chol. =160 mg/dl (%) 

HDL chol. <35 mg/dl (%) 

* Data from Wilson PWF et al. JAMA 1989; 262:41—44. See reference 16. 

BP = blood pressure; CAD = coronary artery disease; chol. = cholesterol; FOS = 
eee Offspring Study; HDL = high-density lipoprotein; LDL = low-density 


TABLE Il Prevalence of Risk Factors by Age 
No. of Risk Factors" Controlt CAD 


n 345 109 
1 121 (35%) 7 (6%) 
>2 224 (65%) 112 (84%) 


50-59 Years 


n 256 191 
1 64 (25%) 2 (1%) 
22 192 (75%) 188 (99%) 


Overall 


n 601 321 
185 (31%) 9 (3%) 


416 (69%) 312 (97%) 
* Data from Wilson PWF et al. JAMA 1989; 262:41—44. See reference 16. 


t Includes the male sex. 
Abbreviations as in Table I. 


the use of the Hegsted formula.” We made the as- 
sumption that this increase was entirely due to LDL 
cholesterol and present the adjusted LDL data in this 
text. 


RESULTS 

We considered 5 modifiable risk factors in this anal- 
ysis of men and Framingham Offspring Study control 
subjects: systemic hypertension, diabetes mellitus, ciga- 
rette smoking, LDL cholesterol > 160 mg/dl and HDL 
cholesterol <35 mg/dl. All patients were men. Clinical 
characteristics are listed in Table I. Mean age in the 
patients was 50 + 7 years (mean + standard devi- 
ation). Applying corrections for diet and 6-blocker use, 
the prevalence of LDL cholesterol 2160 mg/dl was 
34% (110 of 321), compared with 26% in the compari- 
son group. 

The frequency distribution of risk factors in the 
group with CAD is shown in Figure 1. Most patients 
with CAD (97%) had =1 additional risk factor, in 
addition to the male sex, compared with 69.2% (p 








TABLE Ill Prevalence of Lipid and Lipoprotein Cholesterol 
Abnormalities in Patients with Premature Coronary Artery 
Disease, According to National Cholesterol Education 
Program Guidelines 


Beta Blockers 


Overallt Off* On 
113 208 


Control* 


n 
Total chol. 
>240 mg/dl 25% 23% 
>200 mg/dl 54% 51% 
LDL chol. 
>160 mg/dl 32% 23% 
>130 mg/dl 58% 56% 
HDL chol. 
<35 mg/dl 57%‘ 65% 
Triglycerides 
>200 mg/dl 26% 38%! 
>250 mg/dl 14% 22% 
* Data from Wilson PWF et al. JAMA 1989; 262:41—44, in subjects aged 40 to 59 
years. See reference 16. 
t All cases vs Framingham Offspring Study control subjects. 
+ Patients not 8 blockers vs Framingham Offspring Study control subjects. 


$ Patients not receiving 8 blockers in the coronary artery disease group. 
* p <0.005; ' p <0.01. 





<0.001) in control subjects. Patients and control sub- 
jects were then divided into 2 age groups: 40 to 49 and 
50 to 59 years. The distribution of risk factors in each 
age group is summarized in Table II. No significant 
differences in frequencies of risk factors between the 
younger and older age groups were noted. However, in 
both age groups, significant differences were noted for 
hypertension, diabetes, smoking and low HDL choles- 
terol, but not LDL cholesterol elevation, when com- 
pared with the Framingham Offspring Study subjects. 

Table III compares the frequency of elevated total 
cholesterol (2200 and 2240 mg/dl) and LDL choles- 
terol (=160 mg/dl and 2130 mg/dl) and decreased 
HDL cholesterol (<35 mg/dl) between patients with 






Percent of CAD cases 








1 2 3 4 5 
Number of risk factors (NCEP) 


FIGURE 1. Frequency distribution of modifiable risk factors in 


321 patients with premature coronary artery disease (CAD). 
NCEP = National Cholesterol Education Program. 
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CAD and Framingham data. The prevalence of elevat- 
ed LDL cholesterol (2160 mg/dl) was similar in the 
control subjects and the patients with CAD (26 vs 
26%); that of reduced HDL cholesterol (<35 mg/dl) 
was lower in control subjects than in the patients with 
CAD (19 vs 63%, p <0.005). The prevalence of total 
cholesterol >200 mg/dl in the patients with CAD was 
52%. Nearly half the patients with CAD (48%) there- 
fore had a total cholesterol level <200 mg/dl.* This is 
due in part to the prevalence of reduced HDL choles- 
terol (<35 mg/dl), which, in this group of patients with 
cholesterol levels <200 mg/dl, was 75%. When cor- 
recting for diet effect, 35% (113 of 321) had total cho- 
lesterol <200 mg/dl and, of those, 73% (83 of 113) 
had a low HDL cholesterol. Using a cut-off point of 
130 mg/dl for LDL cholesterol, 57% of patients with 
CAD were above that level. 

Because medication use, especially of diuretics and 
6-adrenergic blocking drugs (8 blockers), may alter lip- 
id and lipoprotein parameters,”> we separated patients 
into those who were and were not receiving 8 blockers. 
When patients with CAD not receiving 6 blockers were 
compared with the control group, no significant differ- 
ence in the frequency of elevated total cholesterol was 
observed. Reduced levels of HDL cholesterol were, 
however, more frequent in the patients with CAD. This 
difference was even greater in patients with CAD who 
were receiving 8 blockers when compared with control 
subjects. The frequency of elevated LDL cholesterol 
was slightly higher in the group of patients with CAD 
not receiving 8 blockers, compared with the control 
group (32 vs 26%, difference not significant). 

The National Cholesterol Education Program algo- 
rithms suggest that patients with a total cholesterol 
concentration 2200 mg/dl and the presence of 22 risk 
factors, or the presence of established CAD, undergo 
lipoprotein analysis. For patients with total cholesterol 
<200 mg/dl, no lipid determination is recommended 
for 5 years. Our data indicate that almost half of pa- 
tients with CAD have a total cholesterol level <200 
mg/dl, with most having a low HDL cholesterol level. 


DISCUSSION 

The patients with CAD described in the present 
study have a high prevalence of lipid abnormalities, es- 
pecially of low HDL cholesterol levels. HDL cholester- 
ol level is a better marker for CAD than LDL choles- 
terol in many studies. In this study, the frequency of 
HDL cholesterol <35 mg/dl was 3.5 times higher in 
the group with CAD than in the control group. A large 
percentage of Framingham Offspring Study subjects 
(23%) had a total cholesterol >240 mg/dl. Given the 
relation between plasma cholesterol and the risk of 
death due to cardiovascular disease in the Multiple 


1188 = THE AMERICAN JOURNAL OF CARDIOLOGY 


Risk Factor Intervention Trial,”° this high prevalence of 
elevated cholesterol reflects the need for cholesterol re- 
duction in the general population. The risk of develop- 
ing CAD with a total cholesterol level of 240 mg/dl is 
nearly twice the risk if the cholesterol is 200 mg /dl.¢ 

The prevalence of risk factors other than lipid ab- 
normalities in the group with CAD was also markedly 
higher than in the control group. Diabetes was nearly 
10 times as frequent in the group with CAD as in the 
Framingham Offspring Study subjects; a history of 
smoking or hypertension was twice as frequent in pa- 
tients with CAD as in control subjects. Individual risk 
factor modifications (smoking, hyperlipidemia, hyper- 
tension) may lead to a decrease in cardiovascular mor- 
bidity and mortality. Given the high prevalence of risk 
factors seen in this study, aggressive management of 
patients at risk for CAD, stressing dietary modification, 
weight reduction, decreased salt intake, exercise and | 
smoking cessation, is warranted. Treatment of hyper- 
tension, diabetes and lipid disorders by pharmacologic 
means is now possible with a high degree of success in 
motivated patients. Although the Multiple Risk Factor 
Intervention Trial did not show statistically significant 
differences between subjects treated in the special care 
group when compared with those treated in the usual 
care group, the study was criticized on several accounts, 
one being that the control group (“usual care”) was 
receiving medical treatment.76 

The use of 8-adrenergic blocking drugs was associ- 
ated with altered lipid levels and influenced the preva- 
lence of lipoprotein abnormalities (Table III). If this 
class of drugs is not taken into account, the prevalence 
of elevated LDL cholesterol is somewhat underestimat- 
ed and that of low HDL cholesterol and triglyceride 
elevation is overestimated.2> The use of 8 blockers is 
well established in the treatment of high blood pressure 
and has been shown to reduce mortality after a myo- 
cardial infarction in selected patients.?’ 

The circumstances surrounding the sampling of 
plasma may also influence lipid values. Thus, after ma- 
jor surgery, trauma, acute myocardial infarction or 
even elective hospitalization,?!:22 total and HDL choles- 
terol may be significantly reduced, an effect likely due 
to stress. We eliminated patients with acute myocardial 
infarction, surgery or trauma in the 6 weeks preceding 
admission. Furthermore, we adjusted HDL cholesterol 
levels (see Methods) to compensate for an in-hospital 
sampling effect.22 We also provide evidence that di- 
etary intervention in patients with established CAD 
would be expected to decrease the prevalence of elevat- 
ed LDL cholesterol. 

In this study of 321 middle-aged men with prema- 
ture CAD, 48% had a total cholesterol <200 mg/dl. 
Under the National Cholesterol Education Program 
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guideline recommendations, our patients would not be 
investigated further and, presumably, no therapy would 
be instituted. Three-fourths of our patients also have 
decreased HDL cholesterol. In this respect, our results 
are in keeping with those of the Framingham Heart 
Study, in which a low HDL cholesterol was a frequent 
finding in both men and women who had had an acute 
myocardial infarction.*® Similarly, in patients with an- 
giographically documented CAD, a high prevalence of 
normocholesterolemic patients with a total cholesterol 
<200 mg/dl also had a low HDL cholesterol concen- 
tration.2? Although there is strong epidemiologic evi- 
dence that reducing elevated total or LDL cholesterol 
prevents cardiovascular morbidity and mortality, it re- 
mains to be determined whether treatment of normo- 
cholesterolemic persons with low HDL cholesterol lev- 
els prevents the development or progression of CAD. 
There is as yet no clear evidence that reducing an ele- 
vated triglyceride level or that increasing a low HDL 
cholesterol is associated with decreased cardiovascular 
mortality. The results from the Helsinki Study*° and 
the Stockholm Study!! suggest that increasing HDL 
cholesterol and decreasing triglycerides may be benefi- 
cial. Detection of modifiable risk factors in all middle- 
aged men with cholesterol 2200 mg/dl should include 
a fasting triglyceride and HDL cholesterol determina- 
tion. It is our recommendation that such an evaluation 
be performed in all patients with CAD, regardless of 
cholesterol level. In addition, a prospective trial aimed 
at raising HDL cholesterol in patients with CAD who 
have low HDL and normal LDL cholesterol levels is 
urgently needed. 
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Assessment of Coronary Artery Disease Using 

Single-Photon Emission Computed Tomography . 

with Thallium-201 During Adenosine-Induced 
Coronary Hyperemia 


Abdulmassih S. Iskandrian, MD, Jaekyeong Heo, MD, Thach Nguyen, MD, Sally G. Beer, MD, 
Virginia Cave, RN, J. David Ogilby, MD, William Untereker, MD, and Bernard L. Segal, MD 





Thallium-201 myocardial imaging during dipy- 
ridamole-induced coronary hyperemia has been 
an accepted method for diagnosing coronary ar- 
tery disease (CAD) and risk stratification. Aden- 
osine is a powerful short-acting coronary vasodi- 
lator. Initial results of thallium imaging during 
adenosine infusion have been encouraging. In 
132 patients with CAD and in 16 patients with 
normal coronary angiograms, adenosine was 
given intravenously at a dose of 0.14 mg/kg/min 
for 6 minutes and thallium-201 was injected at 3 
minutes. The thallium images using single-pho- 
ton emission computed tomography were abnor- 
mal in 47 of the 54 patients (87%) with 1-ves- 
sel, in 34 of 37 patients (92%) with 2-vessel and 
in 40 of 41 patients (98%) with 3-vessel CAD. 
The sensitivity was 92% in the 132 patients 
with CAD (95% confidence intervals, 86 to 
96%). In patients with normal coronary angio- 
grams, 14 of 16 patients had normal thallium 
images (specificity, 88%; 95% confidence inter- 
vals, 59 to 100%). The results were very similar 
when subgroups of patients were analyzed: 
those without prior myocardial infarction, elderly 
patients and women. The nature of the perfusion 
defects (fixed or reversible) was assessed in re- 
lation to whether the 4-hour delayed images 
were obtained with or without the reinjection 
technique. In patients who underwent conven- 
tional delayed imaging, there were more fixed 
perfusion defects than in patients with reinjec- 
tion delayed imaging (16 vs 0%, p <0.0001),. 
The adverse effects were mild, transient and well 
tolerated. Thus, adenosine thallium tomographic 
imaging provides a high degree of accuracy in 
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the diagnosis of CAD. The use of the reinjection 
technique enhances the ability to detect revers- 
ible defects. 

(Am J Cardiol 1991;67:1190-1194) 


aging is superior to exercise electrocardiogra- 

phy in the diagnosis of coronary artery disease 
(CAD) and risk stratification.'-> Furthermore, imag- 
ing using single-photon emission computed tomography 
(SPECT) is better than planar imaging in identifying 
individual diseased coronary arteries.4~° In patients in 
whom exercise testing is either not feasible or subopti- 
mal, myocardial perfusion imaging paired with phar- 
macologically induced coronary hyperemia has been 
very useful in the diagnosis of CAD and risk stratifica- 
tion.’-’ Coronary hyperemia is probably more marked 
during pharmacologic vasodilation than exercise. Dipy- 
ridamole either intravenously or orally has been the 
most common coronary vasodilator used with myocar- 
dial imaging.'°'! The degree of augmentation of coro- 
nary blood flow, however, has not been consistently 
high using the standard recommended dose; thus, either 
a higher dose or combining the test with handgrip or 
dynamic exercise is recommended.!2-!4 Adenosine is a 
potent coronary vasodilator with a rapid onset of ac- 
tion and an extremely short half-life. Recent studies us- 
ing thallium-201 imaging during adenosine infusion 
have shown a high degree of accuracy in detecting 
CAD.!>-!8 This study examined the results of SPECT 
with thallium-201 during adenosine-induced coronary 
hyperemia in 148 patients who also underwent coro- 


nary angiography. 


Pose studies show that exercise thallium im- 


METHODS 

Patients: Among the 490 patients who had adeno- 
sine thallium imaging in our institution between Febru- 
ary 1989 and August 1990, 148 patients also under- 
went cardiac catheterization and coronary angiography 
for suspected CAD. The original group of 60 patients is 
included in this study.'’ No patient had recent myocar- 
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FIGURE 1. Initial and 4-hour delayed adenosine thallium-201 
tomographic images, showing reversible perfusion defects in- 
volving the inferolateral segments. Bottom panel, initial and 
delayed polar maps with the extent and severity of perfusion 
abnormality. MYO = myocardium. 


dial infarction, unstable angina pectoris, greater than 
first-degree atrioventricular block or active broncho- 
spastic pulmonary disease, and none were taking the- 
ophylline-containing medications at the time of the 
study. Oral dipyridamole was discontinued for 24 hours 
before the test. The mean time interval between coro- 
nary angiography and thallium study was 7 + 16 days; 
in 108 patients the thallium images were obtained with- 
in | week of coronary angiography. The investigational 
nature of the study was explained to the patients and all 
signed a consent form approved by the Institutional Re- 
view Board of our hospital. 

Coronary arteriography: This procedure was per- 
formed in multiple projections using standard tech- 
niques. The degree of coronary stenosis was visually as- 
sessed by 2 experienced angiographers unaware of scin- 
tigraphic findings. Significant CAD was defined as 
>50% diameter stenosis in any of the major coronary 
arteries; 132 patients had significant CAD and 16 pa- 
tients had normal coronary arteries or mild luminal ir- 
regularities (<30% diameter narrowing). 

Adenosine infusion protocol: Antianginal medica- 
tions were withheld only on the morning of the test. No 
patient had coffee, tea or caffeine-containing products 
on the morning of the test. Patients were studied in the 
fasting state in the supine position. The heart rate, 
blood pressure and 12-lead electrocardiogram were re- 
corded at baseline, during each minute of infusion and 
for 5 minutes after termination of infusion. Intravenous 
infusion of adenosine (Adenoscan™, Medco Research 
Inc., Los Angeles, California) was initiated at a dose of 
0.14 mg/min/kg body weight using an infusion pump 
and continued for a total of 6 minutes.!™!8 At the end 
of the third minute of infusion, a 3- to 3.5-mCi (111 to 
130 MBq) dose of thallium-201 was injected intrave- 





64 (43) 
26 (18) 
37 (25) 


Systemic hypertension 
Diabetes mellitus 
Previous myocardial 
infarction (by ECG) 
Medications 
Nitrates 
B blockers 
Calcium blockers 
No. of coronary arteries 
narrowed =50% in diameter 
at angiography 
0 


94 (64) 
64 (43) 
88 (60) 


16 (11) 
54 (37) 
37 (25) 
41 (28) 


Contrast left ventriculography (n = 125) 
Akinesia / dyskinesia 
Hypokinesia 
Normal 


23 (18) 
18 (14) 
84 (67) 


ECG = electrocardiography. 


nously. Perfusion imaging was begun within 5 minutes 
and again at 4 hours after thallium injection. 

Thallium-201 perfusion imaging: Our method for 
thallium imaging with SPECT has previously been de- 
scribed in detail.*!7-20 In patients studied after April 
1990, reinjection delayed images were obtained 20 min- 
utes after the additional injection of 1 mCi (37 MBq) 
of thallium-201. There were no special selection criteria 
in these patients because the reinjection method was 
routinely used in our laboratory since that time. The 
extent of the perfusion abnormality is estimated as the 
percentage of the total area and the severity score was 
derived from the extent and the number of standard 
deviations below the mean normal for each point within 
the abnormal area? (Figure 1). 

Statistical analysis: Data are presented as mean + 
standard deviation when appropriate. The 95% confi- 
dence intervals were used when indicated. Chi-square 
analysis and Student’s ¢ test were used for comparison. 
A p value <0.05 was considered statistically significant. 


RESULTS 

There were 85 men and 63 women aged 63 + 9 
years. Pertinent demographics of patient population are 
presented in Table I. Coronary angiography showed 
that 54 patients had |-vessel, 37 patients had 2-vessel 
and 41 patients had 3-vessel CAD. The remaining 16 
patients had normal coronary arteries or minor luminal 
irregularities. 

Hemodynamic responses: Table II summarizes the 
hemodynamic effects of intravenous adenosine. The 
heart rate increased from 70 + 12 beats/min at 
baseline to 86 + 16 beats/min at peak infusion (p 
<0.0001). There were no significant changes in diastol- 
ic and systolic blood pressures. The double product 
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TABLE II Hemodynamic Effects of Adenosine (n = 148 
Patients) 


Baseline Peak Effect p Value 


86 + 16 <0.001 
139+ 25 NS 


70+12 
134412 


Heart rate (beats /min) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 8149 81412 NS 
HR X BP (X 1,000) 9.4+2.2 11.9429 <0.001 


BP = blood pressure; HR = heart rate; NS = not significant. 


TABLE Ill Adverse Effects of Adenosine 


No. (%) 











Any adverse effect 135 (91) 















Cardiac 
Dyspnea 36 (24) 
Chest pains 71 (48) 
ST-depression 21 mm 33 (22) 
Second- and third-degree AV 4(3) 
block 4 (3) 
Noncardiac 
Headaches 22 (15) 
Flushing 91 (61) 
Nausea 14(9) 
Dizziness 10(7) 
Epigastric pain 8 (5) 
Aminophylline treatment 7 (5) 
No adverse effects 13 (9) 





AV = atrioventricular. 


(heart rate X systolic blood pressure) increased slightly 
but significantly during adenosine infusion. 

Adverse effects of adenosine: Table III summarizes 
the adverse effects of intravenous adenosine. Adverse 
effects were seen in most patients but were mostly mild 
and transient in nature such as headaches, flushing, 
dizziness and dyspnea. No patient had prolonged chest 
pain, acute myocardial infarction or ventricular ar- 
rhythmias. In 4 patients, transient second- or third-de- 
gree atrioventricular block developed (Table III and 
Figure 2). Most of the adverse effects might not have 
been tabulated or reported had it not been for the inves- 
tigational nature of the study. 

ST-segment depression: Of the 33 patients with ST 
depression, 32 had CAD and 1 had a normal coronary 
angiogram. When the 32 patients with CAD and ST 
depression were compared with the 100 patients with 
CAD but no ST depression, there were no significant 
differences between the 2 groups in age, gender, medi- 
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TABLE IV Sensitivity of Adenosine Thallium Imaging in the 
Entire Group and in Patients Without Prior Myocardial 
Infarction 


No Prior 

Myocardial 
No. of Coronary Infarction 
Arteries Narrowed 
250% in Diameter 


at Angiography 


Entire Group 


No. of 
Pts. 


No. of 
Sensitivity 


Sensitivity 


87% (75-94) 
92% (77-98) 
98% (86-100) 
92% (86-96) 


87% (72-95) 
90% (72-97) 
96% (79-100) 
91% (82-95) 


cations, angiographic extent of CAD (2.1 + 0.8 vs 1.8 
+ 0.8 diseased vessels), severity of coronary stenosis (91 
+ 14 vs 86 + 16%), extent of thallium abnormality 
based on polar map analysis (26 + 15% vs 25 + 12%), 
and thallium severity score (919 + 712 vs 831 + 548). 
However, patients with ST depression had higher peak 
heart rate (91 + 18 vs 84 + 14 beats/min, p <0.002) 
and more chest pains during adenosine infusion (63 vs 
43%, p <0.01). 

Comparison of adenosine tomographic thallium- 
201 imaging with coronary angiography: The thallium 
images were uniformly of high quality despite a high 
background activity secondary to hepatic thallium up- 
take. The overall results are listed in Table IV and Fig- 
ure 3. The sensitivity and specificity were 92 and 88%, 
respectively (95% confidence intervals were 86 to 96% 
and 59 to 100%, respectively). Of the 2 patients with 
normal coronary angiograms and abnormal images, 1 
was thought to have hypertrophic cardiomyopathy. The 
sensitivity was 87% in the 54 patients with 1-vessel 
CAD (47 of 54 patients had abnormal results), 92% in 
the 37 patients with 2-vessel CAD (34 of 37 patients 
had abnormal results) and 98% in the 41 patients with 
3-vessel CAD (40 of 41 patients had abnormal results). 
Perfusion defects were seen in territories of 73% of dis- 
eased arteries. The size of the perfusion abnormality 
was quite variable: It was 24 + 12% in patients with 1- 
vessel CAD, and 26 + 12% in patients with 2- and 3- 
vessel CAD (difference not significant). In patients 
without prior myocardial infarction, the sensitivity was 


FIGURE 2. Transient high degree atrio- 
ventricular block during adenosine in- 
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very high (Table IV). Sensitivity in women was 87% 
(45 of 52 women with CAD had abnormal images) 
and, similarly, sensitivity in patients 265 years was 
90% (65 of 72 patients had abnormal images). Adverse 
effects were similar in elderly patients and younger pa- 
tients. 

Nature of perfusion abnormality: In the 132 pa- 
tients with CAD, 12 had normal thallium images, 49 
had reversible perfusion defects, 29 had fixed defects 
and 42 had both fixed and reversible defects. The mean 
number of defects was 8.3 segments per patient. In pa- 
tients with CAD and no prior myocardial infarction, 
who also had abnormal thallium images, 73 patients 
had conventional 4-hour delayed imaging and 16 pa- 
tients had reinjection delayed imaging. There were 611 
segments with perfusion defects in the former group 
(mean 8.5 per patient) and 102 in the latter group (6.4 
per patient). The perfusion defects were considered 
fixed in 99 of 611 segments (16%) in patients with con- 
ventional delayed imaging, whereas all defects were 
interpreted as reversible in the reinjection group (p 
<0.0001 ). 


DISCUSSION 

Mechanism of action and pharmacokinetics: Aden- 
osine is a potent vasodilator in most vascular beds, ex- 
cept the renal afferent arterioles and hepatic veins 
where it produces vasoconstriction.?!-?> Intravenously 
administered adenosine is rapidly cleared from the cir- 
culation via cellular uptake, primarily by erythro- 
cytes and vascular endothelial cells. The mechanism by 
which coronary vasodilatation leads to perfusion defects 
in patients with CAD is complex. These perfusion de- 
fects are probably caused by disparities in regional 
myocardial perfusion, but coronary steal may be anoth- 
er mechanism. !*:!>.!8 

Adverse effects of adenosine: Although a large per- 
centage of our patients experienced some adverse ef- 
fects, they were transient and mild, and disappeared 
soon after the termination of infusion. Only 7 patients 
required aminophylline infusion for reversal of adverse 
effects. The use of aminophylline was mostly limited to 
our early experience. The adverse effects of adenosine 
are probably comparable to those of dipyridamole, ex- 
cept that they are more short-lived, and rarely require 
reversal with aminophylline.24 Second- and third-de- 
gree atrioventricular block developed in 4 patients usu- 
ally during the first 1 or 2 minutes of infusion but was 
again transient. 

Correlation of adenosine thallium tomographic im- 
aging with coronary angiography: The sensitivity of 
adenosine thallium imaging using SPECT was 92% 
and the specificity 88%; the sensitivity was 87% in 1- 
vessel, 92% in 2-vessel and 98% in 3-vessel CAD. The 
sensitivity was equally high when patients with previous 


myocardial infarction were excluded and when results 
were analyzed in women and elderly patients who tend- 
ed to have a lower sensitivity with exercise thallium im- 
aging, possibly because of higher prevalence of submax- 
imal exercise tests in these patients. We neither expect- 
ed nor found any stenoses by coronary angiography to 
be identified by thallium imaging; only 73% of stenosed 
arteries were identified. The possible reasons were pre- 
viously discussed.'’ As in our earlier findings with exer- 
cise planar thallium imaging, there was a considerable 
variability in the quantitative size of the perfusion ab- 
normality. The sensitivity of adenosine thallium imag- 
ing in patients with l-vessel CAD was higher than the 
sensitivity in our studies using exercise thallium tomo- 
graphic imaging.!? The relatively high specificity of 
adenosine thallium imaging probably reflects the small 
number of patients with normal coronary arteries in the 
current study. It may also be due in part to the high 
quality of images as a result of increased myocardial 
thallium uptake. There are 2 additional observations 
that are important: First, more reversible defects were 
identified in patients who underwent reinjection than 
conventional delayed imaging. This is consistent with 
recent observations by Dilsizian et al.*? The reinjection 
method has been routinely used in our laboratory for 
the past 8 months. Second, only 24% of patients with 
CAD had ST-segment depression during adenosine in- 
fusion. However, these patients had a similar anatomic 
extent of CAD and a similar extent in perfusion abnor- 
mality as did patients without ST depression. 

Study limitations: Some of the limitations of our 
study need to be considered: First, it is possible that 
patient selection bias may have enhanced the sensitivity 
of the test by including “sicker” patients.*°*’ However, 
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FIGURE 3. The results of adenosine thallium imaging. The 
percentage of patients with abnormal thallium results is 
shown on the vertical axis. CAD = coronary artery disease; 
NL = normal; 1VD = 1 vessel disease; 2VD = 2-vessel dis- 
ease; 3VD = 3-vessel disease. 
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this appears unlikely because we excluded patients with 
acute myocardial infarction or unstable angina pectoris, 
and only 25% had previous Q-wave myocardial infarc- 
tion. Also, approximately 40% of the patients with 
CAD had |-vessel CAD. Furthermore, this bias should 
have resulted in a lower specificity. Second, assessment 
of CAD was based on visual estimation of percent di- 
ameter stenosis. This method is still conventionally used 
although its limitations are well recognized.** The use 
of quantitative angiographic data may have enhanced 
the detection rate of individual diseased arteries in 
patients with multivessel CAD. The high detection rate 
of patients with 1-vessel CAD using adenosine thalli- 
um tomographic imaging supports theoretical consider- 
ations of coronary hemodynamics and tracer kinetics. 
In mild to moderate stenosis, 2 requirements are need- 
ed: maximal coronary hyperemia and proportionality of 
tracer concentration to flow at high flow rates. These 
requirements are met to a certain degree with the use 
of adenosine thallium imaging; coronary hyperemia is 
maximal and higher than that with an equivalent dose 
of dipyridamole,”’ but thallium extraction decreases at 
very high flow rates.*° Third, our results were obtained 
with state-of-the-art tomographic thallium techniques 
and may not apply to planar imaging. Further work is 
also needed with the newer technetium-perfusing imag- 
ing agents, which have different extraction and reten- 
tion fractions than thallium. The shorter duration of 
action and maximal coronary hyperemia appear to be 
important advantages for the use of adenosine-thallium 
imaging in detecting CAD. 

In conclusion, our results suggest that thallium 
SPECT imaging with intravenous adenosine is a feasi- 
ble, safe and highly accurate noninvasive technique for 
detecting CAD in men, women and elderly patients. 
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Reactivity of Proximal and Distal 
Angiographically Normal and Stenotic Coronary 
Segments in Chronic Stable Angina Pectoris 


Dimitris Tousoulis, MD, Juan Carlos Kaski, MD, Peter Bogaty, MD, 
Filippo Crea, MD, Stavros Gavrielides, MD, Alfredo R. Galassi, MD, 
and Attilio Maseri, MD 


To assess whether vasoreactivity of significant 
coronary stenosis (>50% intraluminal diameter 
reduction) and that of angiographically normal 
coronary segments differs in proximal and distal 
locations, 53 patients (40 men, 13 women, mean 
+ standard deviation age 55 + 11 years) with 
chronic stable angina and angiographically docu- 
mented coronary artery disease were studied. 
While abstaining from antianginal therapy, all 53 
patients underwent coronary arteriography be- 
fore and after 1 mg of intracoronary isosorbide 
dinitrate and 21 of the 53 also before and after 
20 to 30 ¿g intracoronary ergonovine. Comput- 
erized quantitative angiography was used to as- 
sess changes in the intraluminal diameter of 126 
normal coronary segments (63 proximal, 63 dis- 
tal) and 43 significant coronary stenoses. Ni- 
trates dilated proximal normal coronary seg- 
ments by 7.4 + 1.2% and distal normal coronary 
segments by 15 + 1.7% (p <0.01). Significant 
proximal coronary stenoses dilated by 11 + 
2.5% and distal stenoses by 23 + 2.8% (p 
<0.01) after nitrates. Ergonovine reduced the di- 
ameter of proximal normal coronary segments 
by 9.3 + 1.7% and that of normal distal seg- 
ments by 15.5 + 1.4% (p <0.01). Proximal ste- 
noses constricted by 11 + 2.2% and distal ste- 
noses by 18.4 + 2.8% (p = 0.06). Analysis of 
segments showed that nitrates dilated 19 of 63 
(30%) proximal normal segments (by >10%), 
31 of 63 (49%) distal (p <0.05) and 21 of 43 
(49%) stenoses. Ergonovine constricted (by 
=>10%) 15 of 37 (41%) proximal normal seg- 
ments, 27 of 37 (73%) distal (p <0.01) and 13 
of 22 (59%) significant stenoses. These findings 
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indicate that distal normal coronary segments 
have greater reactivity to nitrates and to ergono- 
vine than proximal segments. Stenosis reactivity 
parallels that of angiographically normal seg- 
ments. 

(Am J Cardiol 1991;67:1195-1200) 


irect intracoronary injection of epicardial coro- 
D nary vasodilatory drugs such as isosorbide di- 

nitrate is used as a diagnostic and therapeutic 
tool.'-> Ergonovine maleate is widely regarded as a po- 
tent constrictor of both the normal and stenotic coro- 
nary lumens.®’ It provokes coronary artery spasm in 
patients with variant angina and has been shown to 
produce a “physiologic” degree of coronary vasocon- 
striction in normal subjects and in patients with coro- 
nary artery disease.>-!* Although the response of proxi- 
mal and distal coronary artery segments to sublingual 
and intracoronary nitroglycerin has been previously 
quantified in humans,?~*!>:!6 controversial results have 
been published as to which coronary stenoses dilate af- 
ter nitrates.'!®-!8 Moreover, the differential coronary re- 
sponse to vasoconstrictors has not been explored. In the 
present study, we investigated the vasoreactivity of sig- 
nificant coronary stenoses and angiographically normal 
coronary segments by examining the effects of intracor- 
onary nitrates and ergonovine in proximal and distal 
locations in patients with chronic stable angina. 


METHODS 

Patients: Fifty-three patients (40 men and 13 wom- 
en) aged 37 to 71 years (mean + standard deviation 55 
+ 11) were studied. All had chronic stable angina pec- 
toris defined as typical exertional angina relieved by 
rest or nitroglycerin with stable symptoms (>6 months’ 
duration). All patients had angiographically document- 
ed coronary artery disease (17 had 1-, 25 had 2- and 11 
had 3-vessel disease). Severity of proximal and distal 
stenoses was 57 + 2% and 59 + 3%, respectively. 
Twenty-four coronary stenoses were concentric (sym- 
metric narrowing) and 19 were eccentric (asymmetric 
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narrowing with smooth or irregular borders). No pa- 
tient had cardiomyopathy, congestive heart failure, val- 
vular heart disease, diabetes mellitus or uncontrolled 
arterial hypertension. 

Cardiac catheterization: Patients underwent coro- 
nary arteriography while in the fasting state. All anti- 
anginal medications were discontinued 248 hours be- 
fore cardiac catheterization, but patients were allowed 
to use sublingual nitrates as needed; none of the pa- 
tients, however, had used them in the 2 hours before 
coronary arteriography. Fully informed consent was ob- 
tained from each patient. Patients were continuously 
monitored with 3 electrocardiographic leads during the 
catheterization procedure. After diagnostic coronary ar- 
teriography (Judkins technique), an appropriate view of 
the relevant coronary arteries was selected and a con- 
trol arteriogram was obtained in every patient. Each 
coronary artery was selectively imaged in 22 orthogo- 
nal projections. In 21 patients, 20 to 30 ug of ergono- 
vine was administered by slow intracoronary injection 
over | minute, diluted in volumes of 5 ml of normal 
saline. Five minutes after ergonovine administration, 
coronary arteriography was performed and 10 minutes 
later a control coronary arteriogram was obtained. This 
was followed by the intracoronary administration of 1 
mg of isosorbide dinitrate, and coronary arteriography 
was performed 2 to 4 minutes after this. Five patients 
had chest pain and =>1 mm ST-segment depression af- 
ter ergonovine; they received isosorbide dinitrate (1 to 2 
mg) immediately, with prompt resolution of symptoms. 
Control coronary arteriograms before isorbide dinitrate 
were therefore not obtained in these patients. In 32 pa- 
tients, isosorbide dinitrate was the only vasoactive agent 
tested. Intracoronary isosorbide dinitrate (1 mg) was 
given immediately following a control arteriogram and 
arteriograms were repeated 2 to 4 minutes later. Non- 
ionic contrast medium (Omnipaque 350) was used 
throughout. 

Angiographic data analysis: Quantitative analysis 
of coronary arterial segments was performed on the 
computer-based Coronary Angiography Analysis Sys- 
tem (Pie Data Medical).'!? Our method for measuring 
coronary diameters with this system has already been 
described.'!° The coronary artery diameter was mea- 
sured in the proximal and distal normal coronary seg- 
ments of the 3 major coronary arteries. The right coro- 
nary artery diameter was measured just after the sinus 
node artery (proximal) and distal to the acute marginal 
branch (distal). The left anterior descending coronary 
artery diameter was measured at the artery’s origin 
(proximal) and distal to the second diagonal branch 
(distal). The left circumflex artery diameter was mea- 
sured at the artery’s origin (proximal) and at the origin 
of the posterior lateral branch (distal). Stenoses were 
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classed as being proximal or distal according to these 
criteria. A series of arteriograms were reanalyzed at a 
remote time by a blinded observer for reproducibility of 
the method, and there was no statistically significant 
difference in the variances between analyses (F [vari- 
ance ratio] = 0.4 to 0.9; p = 0.9). The percent change 
in coronary artery diameter (normal and stenotic seg- 
ments) was calculated according to the formula: Con- 
striction by ergonovine = [(control diameter — diame- 
ter after ergonovine)/control diameter] X 100 (%) and 
dilatation by nitrate = [(diameter after nitrate — con- 
trol diameter )/control diameter] X 100 (%). The con- 
trol diameters used in these 2 equations were obtained 
before nitrates and ergonovine, respectively. 

Geometric theory: The reactivity of 14 proximal 
and 8 distal stenotic segments to ergonovine was ana- 
lyzed according to the “geometric theory.”29?! The 
predicted percent constriction at the lesion derived from 
the geometric theory was plotted against the observed 
percent constriction from the arterial measurements. 

Statistical analysis: Results are expressed as mean 
+ standard error. Paired and unpaired ż tests were used 
to analyze diameter change from control angiograms 
after ergonovine and nitrate, as appropriate. Differ- 
ences between proportions were analyzed by the Yates’ 
corrected chi-square test. A p value of <0.05 was con- 
sidered statistically significant. 


RESULTS 

Isosorbide dinitrate dilated (=10% change in diam- 
eter from control) 19 of 63 (30%) proximal normal seg- 
ments, 31 of 63 (49%) distal normal segments (p 
<0.05), and 21 of 43 (49%) significant coronary steno- 
ses. Ergonovine constricted by 210% 15 of 37 (41%) 
normal proximal segments, 27 of 37 (73%) distal nor- 
mal segments (p <0.01), and 13 of 22 (59%) signifi- 
cant stenotic segments. 

Effect of nitrates and ergonovine on normal seg- 
ments: One-hundred twenty-six normal coronary seg- 
ments were analyzed in 43 patients (63 proximal, 63 
distal). After administration of intracoronary nitrates, 
the mean baseline diameter of proximal (n = 63) coro- 
nary segments increased by 7.4 + 1.2% (from 2.77 + 
0.08 to 2.98 + 0.06 mm), whereas that of distal (n = 
63) coronary segments increased by 15 + 1.7% (from 
1.56 + 0.04 to 1.81 + 0.05 mm) (p <0.01) (Table I, 
Figures | and 2). Ergonovine reduced the intraluminal 
diameter of proximal (n = 37) coronary segments by 
9.3 + 1.7% (from 2.76 + 0.09 to 2.50 + 0.1 mm) and 
that of distal (n = 37) segments by 15.5 + 1.4% (from 
1.59 + 0.04 to 1.35 + 0.05 mm) (p <0.01) (Table I, 
Figures | and 2). 

In 21 patients, intracoronary nitrates were given af- 
ter intracoronary ergonovine. The mean diameter of 
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TABLE I Coronary Diameters of Proximal and Distal Normal and Stenotic Segments at Baseline and After Ergonovine and Nitrate 


Proximal normal seg. 
Distal normal seg. 


Baseline 


2.77 + 0.08 
1.56 + 0.04 
1.19 + 0.07 


Nitrates 


2.98 + 0.06 
1.81 +0.05 
1.31 + 0.07 


% Change in 


Luminal Diameter 


7441.2 
ISEE? 
112.5 


Baseline 


2.76 + 0.09 
1.59 + 0.04 
1.19+0.09 


Ergonovine 


2.50+0.1 
1.35 + 0.05 
1.06 + 0.08 


% 


9.3417 


15.5 + 1.4* 


B E P. 


Proximal stenotic seg. 


Distal stenotic seg. 0.94 + 0.06 1.15 + 0.06 


234 2.87 


1.13 + 0.08 0.90 + 0.05 18.4 + 2.8 


* Difference is significant for p value at the Student t test between proximal and distal normal and stenotic segments. 


seg. = segments. 


proximal segments in these 21 increased by 7.3 + 1.3% 
(from 2.87 + 0.12 to 3.08 + 0.13 mm) and the mean 
distal diameter increased by 14.2 + 1.4% (from 1.61 + 
0.06 to 1.84 + 0.07 mm). In the 32 patients in whom 
only intracoronary nitrates were given, the mean diam- 
eter of the proximal segments increased by 7.7 + 1.3% 
(from 2.72 + 0.1 to 2.93 + 0.1 mm) (difference not 
significant for intracoronary nitrates after ergonovine vs 
intracoronary nitrates only), whereas the mean distal 
diameter increased by 14.8 + 1.4% (from 1.55 + 0.06 
to 1.78 + 0.07 mm) (difference not significant, for 
same). 

Effect of nitrates and ergonovine on normal versus 
diseased vessels: The proximal segments in angio- 
graphically normal coronary vessels (n = 20) (those 
without coronary artery stenosis) dilated by 7.3 + 2.4% 
(from 2.56 + 0.11 to 2.74 + 0.1 mm) after nitrates, 


Diameter (mm) 


and after administration of intracoronary 
isosorbide dinitrate and ergonovine. 


Diameter (mm) 


Baseline 


Baseline 








whereas the angiographically normal proximal seg- 
ments of diseased vessels (n = 43) (those with coronary 
stenosis) dilated by 7.5 + 1.5% (from 2.87 + 0.09 to 
3.09 + 0.08 mm) (difference not significant). The dis- 
tal segments of normal coronary vessels increased intra- 
luminal diameter by 17 + 3.7% (from 1.5 + 0.09 to 
1.77 + 0.08 mm) after nitrates, whereas the distal seg- 
ments of diseased vessels dilated by 14 + 2.2% (from 
1.59 + 0.05 to 1.83 + 0.06 mm) (difference not signifi- 
cant) (Figure 3). 

Ergonovine reduced the proximal diameter of nor- 
mal coronary vessels (n = 15) by 10 + 2.8% (from 2.5 
+ 0.08 to 2.26 + 0.11 mm) and the distal diameter by 
14 + 2.0% (from 1.56 + 0.08 to 1.35 + 0.08 mm). 
Ergonovine reduced the mean proximal diameter of 
diseased vessels (n = 22) by 9 + 2.1% (from 2.94 + 
0.12 to 2.68 + 0.13 mm) (difference not significant) 





Diameter (mm) 


Baseline 


Nitrates Ergonovine 





Diameter (mm) 


ie 


Nitrates Baseline Ergonovine 
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and the distal diameter by 16.5 + 1.9% (from 1.6 + 
0.05 to 1.34 + 0.06 mm) (difference not significant) 
(Figure 3). 

Effect of nitrates and ergonovine on stenotic seg- 
ments: The mean diameter of proximal (n = 30) steno- 
ses increased with intracoronary nitrates by 11 + 2.5% 
(from 1.19 + 0.07 to 1.31 + 0.07 mm), whereas distal 
(n = 13) stenotic segments dilated by 23 + 2.8% (from 
0.94 + 0.06 to 1.15 + 0.06) (p <0.01, proximal vs 
distal) (Table I, Figure 4). The mean diameter of prox- 
imal (n = 14) stenoses was reduced by 11 + 2.2% 
(from 1.19 + 0.09 to 1.06 + 0.08 mm) after ergono- 


Normal Segments 
Proximal 
Distal 


Ergonovine 


p<0.01 


Nitrates 


Percent change 
from control (%) 


FIGURE 2. Coronary artery vasodilation and vasoconstriction 
(percent change of coronary diameter compared with control 
angiogram) of angiographically normal proximal and distal 
coronary segments in response to intracoronary isosorbide 
dinitrate and ergonovine in patients with chronic stable angi- 
na. Distal coronary segments have significantly larger vasodi- 
lation and vasoconstriction. 


ȘI proximal! diseased 

proximal normal 

distal diseased 

C distal normal 
p=NS 


M 
O 


ak 
© 


Ergonovine 
Bee 


Nitrates 


FIGURE 3. Coronary artery vasodilation and vasoconstriction 
(percent change of coronary diameter compared with control 
angiogram) of angiographically normal proximal and distal 


significant differences (p = NS) in the response to nitrate and 
ergonovine were observed in normal and diseased vessels. 
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vine, whereas that of distal (n = 8) stenotic segments 
was reduced by 18.4 + 2.8% (from 1.13 + 0.08 to 0.90 
+ 0.05 mm) (p = 0.06, proximal vs distal) (Table I, 
Figure 4). Stenosis reactivity was not related to severity 
(difference not significant; r = 0.23 for nitrates and r = 
0.36 for ergonovine). Eccentric stenoses had greater re- 
activity than concentric stenoses (p <0.05; 19 + 2.5 vs 
10 + 2% in response to nitrates and 19 + 3 vs 9 + 2% 
in response to ergonovine). 

Five patients had angina and 1-mm ST depression 
during the injection of ergonovine. None developed cor- 


Stenotic Segments 
p<0.01 


10 
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Nitrates 


Percent change 
from control (%) 
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FIGURE 4. Coronary artery vasodilation and vasoconstriction 
(percent change of coronary diameter compared with control 
angiogram) of proximal and distal coronary stenoses in re- 
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FIGURE 5. Piot of the degree of narrowing observed in pa- 
tients with chronic stable angina at the site of coronary steno- 
sis proximal and distal compared with that predicted after er- 
gonovine according to the geometric theory. In patients with 
stable angina, most segments with stenotic plaques constrict 
much less than , especially proximal stenoses. Diag- 
onal line ts the tne of Wdentity between predicted and observed 
measurements. 
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onary artery spasm (or vessel occlusion) but constric- 
tion developed at the site of critical coronary narrow- 
ings. The magnitude of coronary constriction in these 5 
was similar in their normal and stenotic segments (8.9 
+ 1.9% and 9.8 + 2.1%, respectively) (difference not 
significant). Clinically, they had typical exertional angi- 
na with low exercise tolerance; none had Prinzmetal’s 
variant angina. 

Geometric theory: Observed constriction in both 
proximal and distal stenoses was smaller than that pre- 
dicted by geometric theory (Figure 5). 


DISCUSSION 

The results of our study indicate that in patients 
with chronic stable angina, coronary artery reactivity to 
ergonovine and nitrates is similar in stenotic and nor- 
mal segments. The response of individual coronary ste- 
nosis to dilator and constrictor stimuli has not been in- 
vestigated previously. We demonstrated that distal nor- 
mal and stenotic coronary segments have greater 
reactivity to nitrates and ergonovine than proximal seg- 
ments. 

Effects of nitrates and ergonovine on proximal and 
distal angiographically normal segments: In patients 
with chronic stable angina, distal coronary segments 
have greater reactivity in response to nitrates than prox- 
imal coronary segments. This observation supports ear- 
ly findings by Feldman,?;4 Simonetti! and their co- 
workers, and Brown.!*'!® Simonetti et al!> suggested 
that the reason for this different response of arteries of 
varying sizes was increased basal coronary tone or hy- 
persensitivity to coronary vasodilators in the small epi- 
cardial arteries, or both. This explanation, however, is 
not convincing as, in our study, the small epicardial 
arteries also showed an increased constrictor response 
to ergonovine. We also observed that isosorbide dini- 
trate increased the normal luminal area of epicardial 
coronary arteries and that of stenotic segments to a 
similar extent. These findings are in keeping with ob- 
servations by Brown,!®-!8 who used nitroglycerin. A 
differential response to nitrates has also been observed 
in experimental models in large and small (<0.5 mm) 
coronary arteries.27-24 

The effects of intravenous or intracoronary ergono- 
vine have been studied in patients with variant angi- 
na,’~!° chronic stable angina,®’!> after myocardial in- 
farction!? and in patients with typical chest pain and 
normal coronary arteries.'4 Ergonovine was consistently 
found to provoke mild diffuse coronary constriction in 
patients without variant angina and in nonspastic coro- 
nary segments of patients with variant angina.67-2-10 
_ The results of the present study are also consistent with 

the findings of Curry et al, who observed that in pa- 


tients with and without coronary artery disease, intrave- 
nous ergonovine reduced the mean proximal coronary 
diameter by 18%, and with the findings of Feldman et 
al’ regarding proximal segments in patients without 
variant angina. 

However, the differential effect of ergonovine on the 
coronary artery diameter of proximal and distal epicar- 
dial vessels has not been previously addressed. Our re- 
sults show that in patients with chronic stable angina, 
the greater vasomotor potential of distal coronary seg- 
ments, compared with that of proximal segments, was 
not limited only to the response to isosorbide dinitrate 
but also manifest in the response to ergonovine. The 
differential response of proximal and distal epicardial 
coronary arteries to both dilators and constrictors could 
be attributed to a different response of neural recep- 
tors,?> different smooth muscle cell membrane proper- 
ties,???3 or even to differential pharmacologic behavior 
of smooth muscle*?-!>:76 at different levels of the coro- 
nary artery tree. The dilator and constrictor responses 
to intracoronary nitrates and ergonovine were similar in 
vessels without stenoses and in angiographically normal 
segments of vessels with coronary stenoses. 

Effects of nitrates and ergonovine on proximal and 
distal coronary stenoses: Contrary to concepts derived 
from pathologic studies suggesting that coronary steno- 
ses are fixed,” it has been recently documented that 
coronary stenoses may alter their caliber in response to 
vasoactive agents. !7-18-26.28.29 Our observation that iso- 
sorbide dinitrate dilates coronary artery stenoses agrees 
with those of previous investigators using sublingual 
and intracoronary nitroglycerin.'”!8 Their findings and 
our present observations are in agreement with those of 
Rafflenbeul et al,°° who reported that stenoses of any 
degree and site can dilate in response to nitrates. Other 
authors observed that, although many coronary artery 
stenoses dilate after nitroglycerin, stenoses with the 
smallest luminal diameters often do not dilate.4 As 
shown previously,’? eccentric stenoses had larger reac- 
tivity to ergonovine and nitrate than concentric steno- 
ses. 

We observed that in proximal and distal stenotic 
segments, vasoconstriction was smaller than that pre- 
dicted by the geometric theory. This is probably due to 
a decreased coronary artery pliability at sites of athero- 
sclerotic plaques.?? We also observed that coronary ste- 
noses located proximally and distally dilate with intra- 
coronary isosorbide dinitrate. It is of interest that their 
response paralleled that of normal segments, insofar as 
distal coronary stenoses had, on average, a larger vaso- 
motor reactivity to both isosorbide dinitrate and ergo- 
novine than proximal stenoses. The reasons for this be- 
havior are a matter of speculation. 
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Assessment of Severity of Coronary Narrowings 
by Quantitative Exercise Echocardiography and 
Comparison with Quantitative Arteriography 


Luciano Agati, MD, Luciano Arata, MD, Roberto Luongo, MD, Carlo lacoboni, MD, 
Marco Renzi, MD, Carmine D. Vizza, MD, Maria Penco, MD, Francesco Fedele, MD, 
and Armando Dagianti, MD 


To determine the correlation of quantitative as- 
sessment of coronary narrowings with left ven- 
tricular functional impairment induced by exer- 
cise, 57 patients with 1-vessel coronary artery 
disease and without evidence of collateral flow 
were studied. A significant relation was ob- 
served between minimal cross-sectional area, 
percent area stenosis, minimal lumen diameter, 
percent diameter stenosis and the percentage of 
segmental area change from rest to peak exer- 
cise in a vascular distribution territory (r = 0.76, 
p <0.001; r = —0.75, p <0.001; r = 0.56, 
p <0.001; r = —0.55, p <0.001, respectively). 
For minimal cross-sectional area, the best cut-off 
value to separate significantly patients who had 
a decrease in contractility at peak exercise test- 
ing from those who had a normal response was 
2 mm? (p <0.001); for percent cross-sectional 
area stenosis, it was 75% (p <0.001); for mini- 
mal lumen diameter, it was 0.7 mm (p <0.001); 
and, for percent diameter stenosis, it was 85% 
(p <0.001). High cut-off values for angiographic 
variables are necessary to separate significantly 
patients who have a decrease in contractility at 
peak exercise testing from those who have a 
normal response. Several patients with mild cor- 
onary stenoses may have either normal or ab- 
normal wall motion during exercise. Thus, exer- 
cise echocardiography is a useful tool in detect- 
ing the presence of fairly severe anatomic 
narrowing, whereas it is of limited clinical use in 
the assessment of intermediate coronary athero- 
sclerotic lesions. 

(Am J Cardiol 1991;67:1201-—1207) 
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ods has created a strong demand for imaging 

techniques able to visualize coronary artery ob- 
structions and to assess their physiologic significance. 
Exercise echocardiography has previously been intro- 
duced as a useful clinical means to assess the presence 
and extent of coronary artery narrowings.'~? Recent 
marketing of computer software, designed to analyze 
wall motion changes by 2-dimensional echocardiogra- 
phy in a continuous loop using a quad screen format, 
has dramatically increased the accuracy of this meth- 
od.>-? The purpose of the present study was to deter- 
mine whether exercise echocardiography may also pro- 
vide information on the physiologic significance of coro- 
nary lesions, as it is unclear what degree of narrowing 
of a major epicardial coronary artery will affect myo- 
cardial contractility during exercise. Thus, quantitative 
measurements of coronary lesions were correlated with 
quantitative measurements of left ventricular functional 
impairment induced by exercise in patients with |-ves- 
sel coronary artery disease. 


T he increasing success of new intervention meth- 


METHODS 

Study patients: Fifty-seven patients with 1-vessel 
coronary artery disease were enrolled in this study. The 
57 coronary artery lesions were all single stenoses in the 
proximal parts of the vessels before any significant side 
branch occurred. The diseased vessel was the left ante- 
rior descending coronary artery in 40 patients, the left 
circumflex coronary artery in 10 and the right coronary 
artery in 7. Mean age was 57 years (range 47 to 68); 
47 patients (82%) were men. All patients met the fol- 
lowing inclusion criteria: (1) normal left ventricular 
function at rest by both 2-dimensional echocardiogra- 
phy and contrast ventriculography; (2) technically ade- 
quate echocardiographic studies that allowed quantita- 
tive analysis of systolic endocardial wall motion in both 
rest and peak exercise images; and (3) the achievement 
of >85% of age-predicted heart rate during exercise in 
the negative tests. Patients with previous myocardial in- 
farction, rhythm disturbances, valvular heart disease, 
cardiomyopathy or prior cardiac surgery were excluded 
from the study. Exercise testing and coronary angiogra- 
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phy were performed in all patients to evaluate a chest 
pain syndrome, with all medication discontinued for 
>48 hours. 

Supine exercise testing: The patients performed a 
symptom-limited exercise test on a supine bicycle er- 
gometer with stepwise increments of 20 W /min on the 
day before cardiac catheterization. Exercise end points 
included the achievement of >85% of age-predicted 
heart rate during exercise, development of marked ST- 
segment depression, systolic hypotension (decrease in 
systolic blood pressure >10 mm Hg), shortness of 
breath, claudication, or other noncardiac symptoms re- 
quiring cessation of exercise. Ischemic electrocardio- 
graphic changes were defined as 21 mm horizontal or 
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FIGURE 1. Apical 4-chamber view of a positive exercise echo- 
cardiography test in a patient with an 80% stenosis of the left 
anterior descending coronary artery. There was a normal con- 
traction of all segments in baseline conditions (upper panel). 
DRES esi (lower panel), the distal interventricular sep- 

tum (Sept.) and the apex (Ap.) developed dyskinesis. Post. 
Lat. = posterolateral. 


1202 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


downsloping ST-segment depression 80 ms after the J 
point. 

Exercise echocardiography: All 2-dimensional 
echocardiograms were obtained with commercially 
available equipment (Hewlett Packard Sonos 1000, 
Andover, Massachusetts) and recorded on high fidelity 
video tape. Standard apical 2- and 4-chamber views 
were recorded, at held end-tidal respiration, before and 
at peak exercise with the patient in the supine or 
left lateral position. Optimal transducer positions were 
marked on the patient’s chest before supine exercise. At 
or just after peak exercise, patients resumed whenever 
necessary a left lateral position and the echocardiogram 
was repeated. 

Quantitative analysis of the echocardiographic im- 
ages: All echocardiograms were analyzed by 2 experi- 
enced observers, independently without knowledge of 
the exercise electrocardiographic test results or cardiac 
catheterization data. Higher quality images (until 30 
frames) were digitized on-line by an array processor- 
based computer for medical image processing (Mipron 
System, Kontron Electronics, Federal Republic of Ger- 
many), allowing for display of a continuous loop based 
on a single cardiac cycle. Images were then displayed in 
a quad screen format, with each of the 2 standard 
echocardiographic apical views displayed as a pair with 
the appropriate rest and peak exercise images side by 
side. 

The end-diastolic and end-systolic frames were iden- 
tified by 2-dimensional frame-by-frame review, and the 
endocardial edge was traced. The left ventricle was di- 
vided into 12 segments. For each segment, a percent 
area change was calculated with the use of a fixed-axis 
reference system.! For the purpose of this study, a rep- 
resentative cardiac cycle was analyzed in the same pro- 
jection at rest and at peak exercise. The percentage of 
segmental area shortening at rest was subtracted from 
the value at peak exercise so that an increase in con- 
tractility during exercise would appear as a positive 
number and a decrease in contractility as a negative 
number. An example of a positive test is shown in Fig- 
ure 1. 

Segments of the left ventricle were assigned to re- 
gions of coronary perfusion. The right coronary territo- 
ry included the proximal inferior septum and inferior 
wall. The lateral and posterior walls were assigned to 
the circumflex artery. The left anterior descending re- 
gion included the anterior septum, apex and anterior 
walls. However, the anatomic distribution of the coro- 
nary circulation was noted in all patients, so that perfu- 
sion of a given myocardial region was also established 
from the angiographic data. Between the regions that 
represent a given coronary distribution, the 1 showing 
the greatest change was used for comparison with 
quantitative coronary angiograms. 
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Validation of quantitative exercise echocardiogra- 
phy: To test the reproducibility of the segmental area 
measurements, the same observer redigitized the raw 
echocardiogram and repeated the procedure of tracing 
the endocardial edges at rest and at peak exercise. The 
average segment differences between diastole and systo- 
le were calculated. Intraobserver variability was 3.2% 
for preexercise measurements and 8% for peak exer- 
cise measurements. The same procedure was also per- 
formed by a second observer. Interobserver variability 
was 5.7% and 8.9%, respectively. 

Coronary cineangiography: Selective coronary arte- 
riography was performed in multiple projections, in- 
cluding craniocaudal views, by the Judkins technique, 
within 1 day of the exercise testing. Coronary cinean- 
giograms, recorded on 35-mm films, were reviewed on 
a Vanguard projector equipped with a television cam- 
era. The following criteria were used for selecting the 
coronary cine frame to be analyzed. First, the radio- 
graphic projection that best displayed the stenotic seg- 
ment without foreshortening or superimposed branch 
arteries was selected. Generally, for the left anterior de- 
scending artery, right anterior oblique or lateral projec- 
tions were chosen, and for the right coronary artery, 
left anterior oblique projections were selected. A cine 
frame was selected from the middle phase of contrast 
injection when both the normal and stenotic sections 
were well opacified. Last, the cine frame was selected 
to include a section of the contrast-filled catheter, 
which was used as a spatial reference to correct for 
radiographic magnification. 

Quantitative angiographic analysis: For quantita- 
tive analysis, cine frames selected were acquired and 
digitized by an array processor-based computer for 
medical image processing (Mipron System). The fol- 
lowing steps were used for analyzing coronary stenotic 


wWzDŅDIO 


FIGURE 2. Relation between percent di- 
ameter stenosis (% DS) and percent seg- 
mental area change rest to peak exercise 


testing from those who had a normal re- 
sponse. 
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dimensions, using a previously described and validated 
method.’:!!-!3 In brief, a linear cursor was centered 
over the narrowest site of the stenotic lesion and anoth- 
er was positioned over the normal arterial segment ad- 
jacent to the stenosis. Videodensity profile curves were 
generated at these cursor positions. The background- 
corrected videodensitometric value across each arterial 
segment was then calculated by summing the videoden- 
sity values in each cursor line and subtracting the num- 
ber of pixels times the average background value. Aver- 
age background density was calculated from density 
values for 4 pixels positioned on both sides of the artery. 
Relative area stenosis was then calculated as a percent- 
age (%AS) by comparing the background-corrected 
video signal measured over the stenotic segment with 
the background-corrected signal over the normal seg- 
ment. Reference normal vessel diameter (Dn) and min- 
imal luminal diameter at the stenosis and their ratio, 
expressed as percent diameter stenosis, were calculated 
automatically. On the assumption that the normal ar- 
tery is circular in shape, the cross-sectional area of the 
normal segment (An) was calculated as An = r 
(Dn/2)?. Minimal cross-sectional area at the site of ste- 
nosis was calculated on the basis of the area of the 
normal arterial segment and the previously measured 
percent area stenosis as: [An (100 — %AS)]/100. 

Validation of quantitative coronary angiography: 
With this method, the intraobserver variability was 0.3 
mm for minimal luminal diameter, 4.2% for percent 
diameter stenosis and 5% for percent area stenosis; in- 
terobserver variability was 0.4 mm, 8% and 6%, respec- 
tively. 

Statistical analysis: Linear regression analyses were 
used to define the best-fit relation between the mea- 
surements of percent diameter narrowing, minimal lu- 
men diameter, percent area stenosis, minimal area ste- 
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nosis and the percentage of segmental area change 
from rest to peak exercise in a vascular distribution ter- 
ritory. Nonparametric differences were examined using 
a chi-square test. Results were considered statistically 
significant at a p value of <0.05. 


RESULTS 

The supine bicycle ergometer testing was considered 
diagnostic of ischemia in 31 patients (54%), negative in 
23 and nondiagnostic in 3. Conversely, in 36 of 57 pa- 
tients (63%), an exercise-induced myocardial ischemia 
was observed. The relation of the exercise echocardio- 
graphic result to quantitative angiographic variables is 
shown in Figures 2 through 5. Quantitative measure- 
ments of percent diameter stenosis ranged from 30 to 
94% and correlated significantly with the percentage of 
segmental area change from rest to peak exercise in a 
vascular distribution territory: y = 67.4 — 1.01x, (r = 
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—0.55; standard error of the estimate (SEE) = 27.3, p 
<0.001) (Figure 2). There was a similar correlation be- 
tween minimal lumen diameter stenosis (range 0.1 to 


2.3 mm) and the segmental area change: y = 31.7x — - 


33.3 (r = 0.56, SEE = 27.1, p <0.001) (Figure 3). 
However the closest correlations were between percent 
area stenosis (range 41 to 99%) and exercise echocardi- 
ography results: y = 100.9 — 1.47x (r = —0.75, SEE 
= 21.6, p <0.001) (Figure 4), and between minimal 
cross-sectional area (range 0.1 to 6.3 mm?) and exer- 
cise echocardiography results: y = 15.05x — 37.8 (r = 
0.76, SEE = 23.2, p <0.001) (Figure 5). 

Percent diameter stenosis (Figure 2): The best cut- 
off value for percent diameter stenosis was 85%. This 
value significantly separated patients who had a de- 
crease in contractility at peak exercise testing from 
those who had a normal response (chi-square = 11, p 
<0.001), correctly classifying 72% of patients. Exer- 


FIGURE 3. Relation between minimal lu- 
men diameter (MLD) and percent segmen- 
tal area change rest to peak exercise. For- 
mat as in Figure 2. 


FIGURE 4. Relation between percent area 
stenosis (%AS) and percent segmental 
area change rest to peak exercise. Format 
as in Figure 2. 
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cise-induced wall motion abnormality occurred in 11 
regions supplied by a vessel with a percent diameter 
stenosis <85%, and 5 patients with a percent diameter 
. stenosis greater than this value had normal wall motion 
during exercise. The positive predictive value of this an- 
giographic variable was 67% and the negative predic- 
tive value was 79%. With an arbitrary cut-off value of 
50%, frequently used to identify a significant coronary 
narrowing, patients who had a decrease in contractility 
at peak exercise testing could not accurately be sepa- 
rated from those who had a normal response (chi- 
square = 1.3, difference not significant). Twenty pa- 
tients with a percent diameter stenosis above this value 
had a normal wall motion during exercise. 

Minimal lumen diameter (Figure 3): The best cut-off 
value for the minimal lumen diameter was 0.7 mm 
(chi-square = 12, p <0.001), with a positive predictive 
value of 86% and a negative predictive value of 62%. 
Exercise-induced wall motion abnormality occurred in 
5 regions supplied by a vessel with a minimal lumen 
diameter >0.7 mm, and 8 patients with a minimal lu- 
men diameter less than this value had normal wall mo- 
tion during exercise. Thus, 77% of patients were cor- 
rectly classified. 

Percent area stenosis (Figure 4): The best cut-off 
value for percent area stenosis was 75% (chi-square = 
22, p <0.0001 ), with a positive predictive value of 80% 
and a negative predictive value of 86%. Exercise-in- 
duced wall motion abnormality occurred in 7 regions 
supplied by a vessel with a percent area stenosis <80%, 
and only 3 patients with a percent area stenosis greater 
than this value had normal wall motion during exercise. 
Thus, 82% of patients were correctly classified. 

Minimal cross-sectional area stenosis (Figure 5): 
The best cut-off value for minimal area stenosis was 2 
mm? (chi-square = 27, p <0.001), with a positive pre- 
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FIGURE 5. Relation between minimal 
cross-sectional area (MLCSA) and percent 

area change rest to peak exer- 
cise. Format as in Figure 2. 
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dictive value of 91% and a negative predictive value of 
81%. Three patients had a regional wall motion abnor- 
mality during exercise despite a minimal area stenosis 
>2 mm, and in 4 patients a minimal area stenosis less 
than this value was not associated with deterioration of 
regional function with exercise. Thus, 87% of patients 
were correctly classified. 


DISCUSSION 

Comparison with previous studies: Using a cut-off 
value of 80% for the reduction in cross-sectional area, 
Wijns et al!* found that the results of exercise thallium- 
201 scintigraphy could be correctly predicted. In pa- 
tients with limited coronary atherosclerosis, Wilson et 
al'> demonstrated that lesions in major coronary vessels 
with area stenosis >70% and diameter stenosis >60% 
or minimal arterial cross-sectional area <2.5 mm? 
functionally impaired coronary blood flow reserve. Zijl- 
stra et al!6 observed that coronary arteries with a per- 
cent area stenosis >70% and a minimal luminal cross 
sectional area <2 mm? had a reduced coronary hyper- 
emic response. Tobis et al,'’ using the change in wall 
motion during atrial pacing, found that a minimal coro- 
nary lumen diameter <1.5 mm was predictive of an 
abnormal pacing response. More recently, Zijlstra et 
al'® confirmed that both diameter stenosis and obstruc- 
tion area correlate well with functional measurements 
of stenosis severity, such as measured coronary flow re- 
serve and thallium scintigraphy. 

Exercise-induced myocardial ischemia and stenosis 
severity: Exercise echocardiography has only been vali- 
dated against visual estimates of coronary stenosis se- 
verity.'-© Recently, Sheikh et al’ demonstrated that 
coronary stenosis severity measured by quantitative an- 
giography is closely related to regional wall motion ab- 
normalities qualitatively detected by exercise echocardi- 
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ography. A positive test was noted in patients with a 
minimal luminal diameter of 1.0 + 4 mm, a minimal 
cross-sectional area of 0.9 + 0.6 mm? and a percent 
area stenosis of 87 + 7.8. 

Our data, obtained by a quantitative analysis meth- 
od of exercise-induced wall motion abnormalities, con- 
firm previous results.’ Exercise echocardiography and 
quantitative angiography are well correlated, and angi- 
ographic measurements, similar to those previously re- 
ported in other studies,'*!° may distinguish patients 
with normal or ischemic responses at peak exercise. 
However, this study shows that regional wall motion 
abnormalities are mostly detected in the presence of 
fairly severe anatomic narrowings. Several patients with 
an estimated stenosis >50% may have either normal or 
abnormal wall motion during exercise. This finding is 
consistent with previous studies,’!4-7° and it further 
demonstrates that this value of percent stenosis, even 
when determined by a quantitative analysis method, 
does not accurately predict the physiologic significance 
of mild coronary atherosclerotic lesions. This implies 
that intermediate coronary stenoses may produce dif- 
ferent reductions in coronary reserve during stress test- 
ing. This finding is not surprising, as the relation be- 
tween quantitative coronary angiography results and 
functional impairment during exercise might not be ex- 
actly linear because other variables such as the length 
of coronary narrowing, changes in vasomotor tone or 
acutely recruited collateral supply may also influence 
myocardial perfusion.2!-23 The mechanical behavior of 
the left ventricle in response to a stress test reflects the 
cumulative hemodynamic severity of a stenosis, provid- 
ing additional information on a real functional signifi- 
cance of coronary lesions. Furthermore, experimental 
studies?4-?6 suggest that under conditions of not maxi- 
mal coronary arteriolar vasodilation, a marked decrease 
in perfusion pressure, caused by proximal, isolated ste- 
noses, does not impair regional left ventricular function, 
probably as a consequence of an inadequate production 
of “true” myocardial ischemia with preservation of sub- 
endocardial blood flow. Further clinical studies are 
needed to correlate the quantity of coronary flow re- 
serve recruited during exercise directly with the impair- 
ment of regional left ventricular function. 

Study limitations: Potential limitations of the cur- 
rent study should be acknowledged. 

The percent area change from rest to peak exercise 
was calculated with the use of a fixed-axis reference 
system. With this method, particularly in apical win- 
dows, axial translation due to respiration may result in 
apparent regional wall motion abnormalities. To mini- 
mize problems related to motion and respiratory arti- 
facts, frames selected for quantitative analysis were 
chosen at end-expiration and digitized on-line. The ef- 


fects of cardiac motion due to respiration may be over- 
come by using a floating reference point. However, 
Parisi et al!” demonstrated that a floating-axis system 
greatly reduces the sensitivity of the technique in the 
assessment of segmental contraction defects. The area- 
based method, using a fixed axis-system, provides the 
best combination of predictive accuracy in categorizing 
left ventricular segments as normal or abnormal, and 
the greatest ability in localizing regional abnormali- 
ties. !° 

Only diseased arteries were considered in the 
present study. As previously shown by Legrand et al,!° 
when vessels without apparent stenosis are included in 
the analysis, further improvement of correlation be- 
tween exercise-induced myocardial ischemia and coro- 
nary anatomy can be found. 
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Comparative Effects of Oral Molsidomine and 
Nifedipine on Methylergometrine-iInduced 
Coronary Artery Spasm 


Nicolas Danchin, MD, Yves Juilliére, MD, Joseph Anconina, MD, Olivier Perrin, MD, 
Christine Selton-Suty, MD, and Francois Cherrier, MD 


Twelve consecutive patients (10 men and 2 
women, mean + standard deviation age 49 + 9 
years) with chest pain, angiographically normal 
coronary arteries and coronary artery spasm 
documented by methylergometrine testing re- 
ceived a single oral dose of molsidomine (4 mg) 
or nifedipine (10 mg) in a randomized, double- 
blind, crossover fashion at a 24-hour interval. 
Coronary artery spasm was documented during 
coronary angiography in 6 patients (left anterior 
descending artery, 3; right coronary artery, 2; 
left circumflex, 1). In the remaining 6 patients, 
coronary artery spasm was documented by a 
positive methylergometrine test performed at the 
bedside, which provoked ST-segment elevation 
in the inferior (n = 3), anterior (n = 1) or lateral 
(n = 2) leads. Ninety minutes after administra- 
tion of the study medication, methylergometrine 
testing was performed at the bedside, using in- 
cremental doses of up to 0.4 mg of methylergo- 
metrine. After molsidomine, 10 patients (83%) 
had a negative and 2 had a positive test; after ni- 
fedipine, 9 patients (75%) had a negative and 3 
a positive test. Only 1 patient had a methylergo- 
metrine test that remained positive after either 
molsidomine or nifedipine. Therefore, molsido- 
mine appears as effective as nifedipine in sup- 
pressing methylergometrine—induced coronary 
artery spasm in patients with variant angina. In 
addition, patients not responding to 1 of the 
study medications may respond to the other. 
(Am J Cardiol 1991;67:1208-1211) 
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alcium antagonists constitute a remarkably ef- 
( fective treatment of coronary artery spasm. 

However, because some patients remain re- 
fractory to calcium antagonists, alternative thera- 
pies must be sought. Molsidomine, a potent coronary 
vasodilator,! has been shown to prevent superimposed 
spasm in patients with severe fixed coronary artery ste- 
noses.” The purpose of the present study was to com- 
pare the efficacy of molsidomine and nifedipine, a rec- 
ognized treatment of variant angina, in the suppression 
of pharmacologically induced coronary spasm in pa- 
tients with documented coronary spasm and normal 
coronary arteries. 


METHODS 

Inclusion: The study population comprised 12 con- 
secutive patients presenting with chest pain suggestive 
of vasospastic angina and in whom coronary arteriogra- 
phy appeared clinically warranted. All had angiograph- 
ically normal or slightly irregular coronary arteries 
(<50% reduction of intraluminal diameter). Coronary 
spasm was documented using diagnostic methylergo- 
metrine testing after treatment withdrawal. No patient 
had received amiodarone. 

In 6 patients, antianginal drugs had been withdrawn 
for 22 days before cardiac catheterization, and diag- 
nostic methylergometrine testing was performed during 
coronary angiography; the test was considered positive 
when an intravenous injection of up to 0.4 mg of meth- 
ylergometrine provoked chest pain and ST-segment 
changes together with the development of a focal steno- 
sis (>60%) or total coronary artery occlusion, relieved 
by intracoronary isosorbide dinitrate (2 to 3 mg). In 6 
additional patients, who were still receiving antianginal 
therapy at the time of catheterization, diagnostic meth- 
ylergometrine testing was performed at the bedside, ac- 
cording to the methodology described later, after all 
antianginal drugs had been stopped for =2 days after 
catheterization. All patients gave informed consent to 
participate in the study. 


Study design: After entering the study, the patients . 


received, in a double-blind, randomized order, a single 
oral dose of molsidomine (4 mg) or nifedipine (10 mg) 
at the same hour on 2 consecutive days, beginning the 
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TABLE I Demographic, Clinical and Angiographic Data: Results of Methylergometrine Testing During Catheterization or at Bedside 


Percent Diameter | 
Symptoms & 
Canadian 
Class 


Rest angina 


syncope 
IV 


IV /syncope 
IV 
IV 


Atypical 

IV 

Rest angina 
Rest angina 


Rest angina / 
syncope 


of Coronary Arteries 


ECG Leads with 
ST Segment Î 
Provoked by ME 
Test (mg dose)* 


Coronary 
Narrowing Provoked 
by ME Test (%) 


I, aVF 
(0.2) 
II, aVF 
(0.3) 


Va—V6 


* The dose of methylergometrine at which ST-segment elevation occurred is indicated below the description of electrocardiographic changes. 
ECG = electrocardiographic; LAD = left anterior descending; LC = left circumflex; LM = left main; ME = methylergometrine. 


day after diagnostic methylergometrine testing. The 
drug was administered in the morning and methylergo- 
metrine testing was performed 90 minutes later. 

Methylergometrine testing: The methylergometrine 
tests were performed in the coronary care unit with a 
trained physician at the bedside throughout the test. A 
|2-lead electrocardiogram was recorded at |-minute in- 
tervals. At 6-minute intervals, increasing doses of meth- 
ylergometrine were injected intravenously in the follow- 
ing sequence: 0.05, 0.1, 0.2, 0.3 and 0.4 mg. The test 
was stopped and considered positive when chest pain 
occurred with ST-segment elevation >1 mm, compared 
with the control tracing. As soon as the test was consid- 
ered positive, an intravenous bolus injection of isosor- 
bide dinitrate was administered. 

Statistical analysis: Fisher exact tests were used for 
comparing the proportion of patients with negative or 
positive methylergometrine tests after administration of 
each of the trial drugs. Results were considered statisti- 
cally significant at a p value <0.05. 


RESULTS 

Clinical and angiographic characteristics (Table I): 
Ten men and 2 women were eligible for the present 
study. Their mean age was 49 + 9 years (range 36 to 
63). Eleven patients had spontaneous attacks of anginal 
pain and | had atypical chest pain; in addition, 3 of the 
patients described a recent episode of syncope. Six pa- 
tients had angiographically normal coronary arteries 
and 6 had minor irregularities (25 to 40% stenoses). All 
had normal left ventriculograms. After methylergo- 
metrine testing during catheterization (6 patients), a 
typical coronary spasm (severe focal stenosis, 1; total 
coronary occlusion, 5) was observed in the right coro- 








nary (2 patients), left anterior descending coronary (3 
patients) or left circumflex coronary artery (1 patient). 
In the 6 patients who underwent diagnostic testing at 
the bedside, ST-segment elevation was noted in the in- 
ferior leads (II, II] and aVF) in 3 patients, in the later- 
al leads (V4 to Ve) in 2 patients and in the anterior 
leads (V; to V4) in 1 patient. 

Results of methylergometrine testing after adminis- 
tration of the study drugs (Table Il): Six patients re- 
ceived molsidomine before nifedipine and 6 received ni- 
fedipine first (Table II). No adverse effect was noted in 
any of the patients. Ten patients had a negative test 
after receiving molsidomine (83%) and 9 had a nega- 
tive test after nifedipine (75%) (difference not signifi- 
cant). Only 1 patient had a positive test after adminis- 
tration of either nifedipine or molsidomine, whereas 3 
patients had a positive test after administration of only 


TABLE Il Results of Methylergometrine Testing 90 Minutes 
After Oral Administration of Molsidomine or Nifedipine 


Therapeutic ME Test + 

Maximal ME Dose (mg) Used 
Order of Drug ES 
Administration 


Molsidomine Nifedipine 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


oo 0'O OOF OOO +0 
So o:o,O to0odot 6+ O 


M = molsidomine; N = nifedipine; other abbreviations as in Table |. 
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1 of the study medications. Of the 6 patients who un- 
derwent diagnostic testing at the bedside, 5 had a nega- 
tive test after each of the trial drugs (maximal meth- 
ylergometrine dose, 0.4 mg; total dose, 1.05 mg) and | 
had a test that remained positive with both medications 
at the same methylergometrine dose as during diagnos- 
tic testing (maximal dose, 0.3 mg; total dose, 0.65 mg). 


DISCUSSION 

Rationale: The efficacy of calcium antagonists in 
variant angina is well established,*-* and the ability of 
several of them to suppress ergonovine-induced coro- 
nary spasm has been demonstrated.?"!! All patients, 
however, do not respond adequately to calcium antago- 
nists, and alternative therapies must be sought. Molsi- 
domine is a potent coronary vasodilator; its hemody- 
namic effects mainly consist of a reduction in preload 
and a slight reduction in afterload and cardiac index!2; 
it is usually well tolerated; its most frequent adverse 
effect is the occurrence of headache, a usually tran- 
sient phenomenon noted in approximately 4% of pa- 
tients.!? Its efficacy has not been documented in pa- 
tients with variant angina and normal coronary arteries, 
and seemed worth investigating. 

Use of methylergometrine testing and study design: 
For the present study, methylergometrine was used in- 
stead of ergonovine, which is not available in Europe. 
Methylergometrine is very similar in structure to ergo- 
novine. It has been extensively used to provoke coro- 
nary artery spasm, with results similar to those of ergo- 
novine maleate.!!+!4.15 

Although the long-term reproducibility of ergono- 
vine testing has been questioned! and may in fact re- 
flect the natural history of coronary artery spasm, 
during which remission seems to be a frequent out- 
come,!7:!8 its reproducibility over short periods of time 
is good!!-1? and should permit a comparative evaluation 
of 2 drugs. In addition, ergonovine testing is an ade- 
quate means to document the therapeutic efficacy of 
antispastic drugs.? Suppression of methylergometrine- 
induced coronary spasm by molsidomine or nifedipine 
is therefore most likely to reflect the clinical efficacy of 
these drugs in variant angina. 

To compare, in a double-blind fashion, the effects of 
molsidomine versus another drug, the biologic proper- 
ties and elimination half-lives of both medications had 
to be grossly similar. After oral administration, molsi- 
domine reaches its peak plasma levels at 30 to 60 min- 
utes and the elimination half-life is <2 hours.?° Nifedi- 
pine also reaches an early peak after oral administra- 
tion (20 to 45 minutes) and has a short half-life (3 
hours).*! Thus, it was possible to perform the methyler- 
gometrine tests at the same time after oral administra- 
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tion of the study drugs and to repeat the tests at a 24- 
hour interval, the 24-hour wash-out period being suffi- 
cient for both nifedipine and molsidomine. 

Comparative efficacy of molsidomine and nifedi- 
pine: This study documents the ability of both nifedi- 
pine and molsidomine to suppress methylergometrine- 
induced coronary artery spasm in patients with variant 
angina and normal coronary arteries. The proportion of 
patients responding to nifedipine was similar to that re- 
ported previously,’ and molsidomine was as effective 
as nifedipine. The present findings are also in agree- 
ment with previous results demonstrating the efficacy 
of molsidomine in suppressing alkalosis-induced super- 
imposed coronary spasm in patients with fixed coronary 
stenoses.” Interestingly, most patients who did not re- 
spond to | of the study medications did respond to the 
other, suggesting that coronary artery spasm refractory 
to nifedipine might be suppressed by molsidomine, and | 
vice versa. In this regard, our results were concordant 
with previous data comparing nifedipine and isosorbide 
dinitrate in variant angina pectoris, showing that both 
agents were equally effective in controlling vasospastic 
anginal attacks, but that some patients responded bet- 
ter to 1 or the other drug.” 
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Exercise Echocardiography as a Screening 
Test for Coronary Artery Disease and Correlation 
with Coronary Arteriography 


Linda J. Crouse, MD, James J. Harbrecht, MD, James L. Vacek, MD, 
Thomas L. Rosamond, MD, and Paul H. Kramer, MD 


We evaluated exercise echocardiography as a 
screening test for coronary artery disease in 228 
patients, all of whom underwent subsequent cor- 
onary angiography. After an echocardiogram at 
rest was obtained, each patient performed maxi- 
mal, symptom-limited, upright treadmill exer- 
cise, immediately after which repeat imaging 
was performed. The exercise echocardiogram 
was abnormal if any segment failed to become 
hypercontractile with exercise, and these region- 
al wall motion abnormalities were used to predict 
the extent and distribution of coronary disease. 
At subsequent angiography, coronary stenosis 
was defined as significant if luminal diameter 
was reduced >50%. Compared with electrocar- 
diography, exercise echocardiography was more 
sensitive (97 vs 51%) and specific (64 vs 62%), 
and had higher positive (90 vs 82%) and nega- 
tive (87 vs 28%) predictive accuracies. Exercise 
echocardiography was also highly predictive of 
the extent (no, 1-, 2- or 3-vessel disease) and 
, distribution (which vessel) of coronary stenoses. 
it is concluded that exercise echocardiography is 
an excellent screening test for the presence, ex- 
tent and distribution of coronary artery disease. 
(Am J Cardiol 1991;67:1213-1218) 
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cause of death in adults in the United States,! 

and its detection is central to the application of 
a variety of primary and secondary interventions in- 
tended to reduce morbidity and mortality in afflicted 
patients. Stress electrocardiography has gained wide ac- 
ceptance as a simple, inexpensive and widely available 
screening test for CAD, but has proved to be of limited 
reliability in many patient groups.* The ability to de- 
tect coronary stenosis was strengthened by supplement- 
ing stress electrocardiography with imaging modalities, 
namely thallium scintigraphy’ and technetium ra- 
dioventriculography,* which can depict stress-related 
changes in regional myocardial perfusion or contrac- 
tion. Echocardiography is an excellent method for eval- 
uating regional wall motion and systolic thickening, but 
early efforts to couple this imaging method with exer- 
cise testing were hampered by technical obstacles re- 
sulting from exertional hyperpnea.>° The application of 
digital technology to echocardiographic imaging has 
largely overcome these impediments. This study eval- 
uates exercise echocardiography as a screening test 
for CAD. 


W oronary artery disease (CAD) is the leading 


METHODS 

The study population consisted of all patients with 
no previous history of heart disease who were referred 
during the study period for evaluation of possible CAD 
and underwent exercise echocardiography and subse- 
quent cardiac catheterization. Two hundred twenty- 
eight patients (153 men and 75 women, age range 33 
to 84 years [mean 62]) were enrolled. Before exercise, 
with patients in the left lateral decubitus position, im- 
ages at rest were sequentially acquired in the paraster- 
nal short- and long-axis, and apical 2- and 4-chamber 
views. Images were recorded on 1⁄2-inch videotape and 
were also digitized on-line and stored on floppy disk 
using a Microsonics Prevue system. This system ac- 
quires and digitizes 8 serial echocardiographic images 
at 50-ms intervals during systole of a single cardiac cy- 
cle, triggered by the electrocardiogram. The images can 
then be displayed in a continually recycling, cine-loop 
format. 
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Patients then performed maximal, symptom-limited 
upright treadmill exercise, using the Bruce or modified 
Bruce protocol. Immediately after cessation of exercise, 
patients resumed the left lateral decubitus position, and 
imaging was repeated in the 4 views described, and re- 
corded on videotape and floppy disk as rapidly as pos- 
sible (completion within 60 seconds of exercise termi- 
nation ). 

All exercise echocardiograms were interpreted by a 
single observer who was unaware of the clinical history 
or the exercise electrocardiogram result. Regional wall 
motion was described for each segment in each view: 
anterior, anteroseptal, apical, lateral, posterior and infe- 
rior (Figure 1). To predict the extent of CAD (1-, 2- or 
3-vessel disease), segments were then consolidated into 
3 zones, namely anterior, lateral and inferoposteri- 
or. Wall motion was described as normal, hypokinetic, 
akinetic or hypercontractile. Segmental response was 
termed normal only if the segment became hypercon- 
tractile after exercise, regardless of resting function. 
Any segment failing to do so, even if it improved some- 
what after exercise, was classified as abnormal. De- 
scription of regional wall motion was based on review of 
the digitized images, but this interpretation was supple- 
mented by reviews of videotaped images. 

To predict the territorial distribution of CAD, ab- 
normal regional wall motion responses in the apical, an- 
teroseptal and anterior segments were attributed to dis- 
ease of the left anterior descending artery. Lateral wall 
abnormalities were used to predict left circumflex ste- 
nosis. Because attribution of inferoposterior circulation 
depends on coronary dominance, exertional contractile 
failure in those segments was interpreted as evidence of 
stenosis of the right or left circumflex arteries, or both. 
No patient was excluded from this series because of 
technical difficulties (e.g., suboptimal image quality) or 
because of medications that might interfere with exer- 
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cise tolerance, such as 8 blockers. The exercise elec- 
trocardiogram was evaluated according to standard cri- 
teria.’ 

All patients underwent coronary angiography within 
3 months after exercise echocardiography (generally 
within 3 weeks). Angiograms were interpreted by expe- 
rienced angiographers who were unaware of, and did 
not participate in, the stress test interpretations. Coro- 
nary stenoses were assessed qualitatively and graded in 
severity according to estimated percent diameter reduc- 
tion. A stenosis was considered hemodynamically sig- 
nificant if it produced >50% diameter reduction. 

With use of the coronary angiogram as the “gold 
standard,” the sensitivity, specificity and predictive ac- 
curacy (for our patient population) of exercise echocar- 
diography were derived and compared with exercise 
electrocardiography. Statistical analysis was performed 
with the chi-square test. 


RESULTS 

At coronary angiography, 175 patients had “‘signifi- 
cant” stenosis, as previously defined, in at least 1 coro- 
nary artery. Fifty-three patients did not meet this crite- 
rion and were considered to be “normal.” Of the 175 
patients with CAD, 170 had abnormal exercise echo- 
cardiograms (overall sensitivity 97%). Among the 53 
patients comprising the angiographically normal group, 
exercise echocardiography was normal in 34 (overall 
specificity 64%). Fifteen of the 19 patients with normal 
coronary anatomy but abnormal exercise echocardio- 
grams had resting regional wall motion abnormalities 
on echocardiography and ventriculography. For the en- 
tire group of 228 patients, the positive predictive accu- 
racy was 90% and the negative predictive accuracy was . 
87%. An example of an exercise echocardiogram from 
a patient with normal coronary anatomy is shown in 
Figure 2. 


S Posterolateral 


FIGURE 1. Regional nomenciature in the 
4 echocardiographic views. Shading indi- 
cates consolidation of segments into 3 dis- 
tributions (anterior, posterolateral and in- 
ferior) for correlation with angiographic 
anatomy. 
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Beyond its ability to detect the presence of CAD, 
exercise echocardiography correlated closely with the 
distribution (specific vessel[s]) and extent (number of 
_ arteries) of disease. This correlation is summarized in 
Table I. Among the 175 patients with angiographically 
defined significant CAD, there were only 5 false-nega- 
tive test results. CAD was confined to a diagonal 
branch in 3 of these patients. In 1, a 60% distal left 
circumflex stenosis was present. In the fifth patient, a 
high-grade stenosis was present in the apical segment of 
the left anterior descending coronary artery. Figure 3 is 
an example of an exercise echocardiogram in a patient 
with an isolated severe left anterior descending stenosis. 
Figure 4 is an example of an exercise echocardiogram 
in a patient with 3-vessel CAD. 

Exercise electrocardiography correlated more poorly 
with angiography. Of 175 patients with CAD, 90 had 
stress tests (sensitivity = 51%). In 53 patients without 
CAD, the routine treadmill test was normal in 33 and 
abnormal in 20 (specificity = 62%). This test’s positive 
predictive accuracy was 82%, whereas the negative pre- 
dictive accuracy was only 28%. 

The sensitivity, specificity and predictive value of 
exercise echocardiography and electrocardiography are 
summarized and compared in Table II. The relative 





FIGURE 2. Exercise echocardiogram from a patient with nor- 
mal coronary anatomy showing improved contraction of all 
segments with exercise. All images are from end-systole. Rest 
images are on the /eft; paired postexercise images are on the 
right. A,B = parasternal long axis; C,D = parasternal short 
axis; E,F = apical 4 chamber; G,H = apical 2 chamber. 





TABLE I Correlation of Extent of Coronary Disease and 
Distribution with Exercise Echocardiography 


Exercise 
Echocardiogram 


Coronary Disease Distribution by Angiography Normal Abnormal 


1-vessel disease (n = 66) 
2-vessel disease (n = 65) 
3-vessel disease (n = 41) 
* Abnormal vessel correctly predicted in each case. 


t Both vessels predicted in 52 patients, 1 vessel in 13. 
t All vessels predicted in 32 patients, 2 vessels in 9. 


risk ratio indicates the relative likelihood of an incorrect 
prediction based on the electrocardiographic stress test 
versus that based on the echocardiographic stress test. 


DISCUSSION 

Identification of patients with CAD is the first step 
in the selective application of measures that are intend- 
ed to prevent or reduce coronary morbidity and mortal- 
ity. Although coronary stenosis may be manifest in pa- 
tients at rest, most screening tests for coronary artery 
disease seek to detect the consequences of provoked 





FIGURE 3. Exercise echocardiogram from a patient with iso- 
lated severe midstenosis of the left anterior descending artery, 
before (upper quad screen) and after (lower quad screen) by- 
pass surgery. Only the apical views are shown. Rest images 
are on the left; postexercise images are on the right in the 
same views. A,B,E,F = apical 4 chamber; C,D,G,H = apical 2 
chamber. The preoperative study demonstrates exertional 


akinesia of the anteroapical segments (arrows). The postoper- 
ative study, by comparison, is normal. 
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FIGURE 4. Exercise echocardiogram from a patient with 3- 
vessel coronary disease. Rest images are on the /eft and post- 
exercise images are on the right in the same views. A,B = 
parasternal long axis; C,D = parasternal short axis; E,F = ap- 
ical 4 chamber; G,H = apical 2 chamber; at rest, contraction 
is normal. Small arrows, apical and anterolateral akinesia; 
large arrows, inferior and posterolateral akinesia, provoked 
by exercise. All images are from end systole. 


myocardial ischemia. Recent evidence indicates that 
typical, recognized symptoms produced by episodes of 
myocardial ischemia occur in perhaps only half of pa- 
tients who have such episodes.’ Moreover, in patients 
who experience symptoms, most episodes of ischemia, 
even when prolonged, do not produce symptoms. Exer- 
cise electrocardiography has limited sensitivity and 
specificity, but is particularly limited in several patient 
groups, namely those with bundle branch block, prior 
infarction, prior coronary artery bypass surgery, prior 
percutaneous transluminal coronary angioplasty, mitral 
valve prolapse, left ventricular hypertrophy, nonspecific 
repolarization abnormalities on the resting electrocar- 
diogram, those taking medical therapy (e.g., digitalis, 
psychotropic agents, diuretics), and women.”!° 

To circumvent the limitations of stress electrocardi- 
ography and clinical history, efforts to detect other evi- 
dence of ischemia resulted in the development of imag- 
ing methods that depict exertional changes in regional 
myocardial perfusion or wall motion. Echocardiography 
was recognized earlier as an excellent method for imag- 
ing regional wall motion and for evaluating other possi- 


1216 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





TABLE Il Exercise Test Comparison 


95% 
Confidence 
Interval 


Relative Risk 
Ratio 


Exercise 
Test 


p Value 


Sensitivity 
97% 
51% 
Specificity 
64% 
62% 
Positive predictive 
accuracy 
90% 
82% 
Negative predictive 
accuracy 
87% (77, 98) 
28% (20, 36) 


ECG = electrocardiography; Echo = echocardiography. 


(95, 100) 


(44, 59) <0.0001 


(51, 77) 


(49, 75) sis 


(86, 94) 


ey E i 


<0.0001 3.1 


ble causes of chest discomfort, such as hypertrophic 
cardiomyopathy, mitral valve prolapse, aortic stenosis 
and pericardial disease. Exercise echocardiography was 
first reported as a screening test for CAD by Wann et 
al!! in 1979. This and subsequent reports from Rob- 
ertson,'? Crawford,!>!4 Morganroth,!5 Maurer!® and 
Mason!’ and their associates in the “pre-digital” era 
demonstrated that exercise echocardiography had 
promise as a screening test for CAD, but its applicabili- 
ty was limited by a number of technical problems. 
First, exaggerated diaphragmatic and cardiac excursion 
consequent to exertional hyperpnea made imaging the 
heart difficult throughout the respiratory cycle. Second, 
hyperpnea often interposed lung tissue between the 
heart and chest wall, compounding the first problem. 
Both problems combined to produce technically inade- 
quate studies in 20 to 30% of patients in these reports. 
Third, as a result of these first 2 problems, it was diffi- 
cult to focus attention on a particular myocardial seg- 
ment in order to assess its contractile state during or 
after exercise. Finally, because images were recorded 
on videotape, analysis of exertional changes in regional 
wall motion necessitated replay of rest and stress im- 
ages separately by going back and forth on videotape, 
preventing side-by-side comparison of these images. 
These latter 2 problems may have contributed to the 
limited correlations with angiography in some reports. 

Feigenbaum and Armstrong et al!*-?! pioneered the 
application of enhanced digital computer technologies 
to exercise echocardiography. These developments have 
made it possible to image, digitize, store and subse- 
quently replay a single cardiac cycle in a continuous 
cine-loop format, and also allow for the simultaneous, 
side-by-side display of images obtained in the same 
view at rest and after exercise. As a result, the inter- 
preter not only can make a detailed assessment of seg- 
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mental contraction at rest, but also can compare rest 
and exercise images in order to describe stress-provoked 
changes in regional wall motion. Subsequent work has 
confirmed the reproducibility of exercise echocardiogra- 
phy?? and explored the applicability of this technique in 
specific patient populations, such as those with previous 
coronary bypass surgery,’ those with a history of myo- 
cardial infarction,24 and women.” 

Our study supports the use of exercise echocardiog- 
raphy as a screening test for CAD. Notwithstanding 
the inclusion of suboptimal, technically difficult studies, 
the overall sensitivity of exercise echocardiography was 
very high, and the positive and negative predictive ac- 
curacies in our patient population were high as well. 
Furthermore, this test correlated closely with the distri- 
bution and extent of disease. In 93% of patients with 1- 
vessel disease, the exercise echocardiogram was abnor- 
mal and the abnormality corresponded to the myocar- 
dial distribution of the stenosed artery in each case. No 
patient with left main or multivessel disease had a nor- 
mal exercise echocardiogram, and, in most of these, the 
number and distribution of abnormal perfusion zones 
were correctly predicted. On the other hand, the speci- 
ficity of exercise echocardiography was more limited. 
Fifty-three patients did not have significant coronary 
stenosis at angiography and 19 of these had abnormal 
exercise echocardiograms. Fifteen of these 19 “false 
positive” studies had resting regional wall motion ab- 
normalities. This phenomenon of nonischemic cardio- 
myopathy has been encountered and commented on by 
other investigators.!2!8 A report from Sheikh et al? 
may shed some light on this issue. Qualitative assess- 
ment of 50% coronary stenosis was associated with ab- 
normal exertional regional wall motion in 50% of pa- 
tients and normal exercise echocardiograms in the oth- 
er 50%. However, quantitative angiography in these 
same patients produced an exact correlation between 
coronary obstruction and exercise echocardiography. 
Whereas quantitative angiography reduces inter- and 
intraobserver variability in angiographic analysis, and 
permits a more consistent and precise description of ste- 
nosis severity, in clinical practice, angiograms are gen- 
erally not assessed with quantitative techniques. Despite 
the inherent imprecision of qualitative estimation of 
percent stenosis, exercise echocardiography bore a very 
close correlation with the angiogram in this study but 
may account for some of the false-positive results. Nev- 
ertheless, because exercise echocardiography is predi- 
cated on regional wall motion assessment, any factor 
capable of causing abnormal segmental contraction 
(e.g., cardiomyopathy, left bundle branch block, post- 
operative state) can reduce specificity and positive pre- 
dictive value by creating false-positive test results. The 


role of exercise echocardiography in patients who have 
wall motion abnormalities at rest not resulting from 
coronary disease needs to be more fully and specifically 
addressed. 

Compared with exercise echocardiography, the 
treadmill electrocardiogram showed a much poorer cor- 
relation with coronary angiography. Nearly half of our 
patients who had significant CAD had normal exercise 
electrocardiograms and 38% of patients without CAD 
had abnormal stress tests. The inferior sensitivity and 
specificity of exercise electrocardiography resulted in 
poorer predictive accuracy, which needs to be interpret- 
ed according to the characteristics of the study popula- 
tion. The high prevalence (77%) of CAD in our patient 
population helps to explain the high positive predictive 
accuracies of both stress tests, but the high pretest like- 
lihood of disease should also act to reduce the negative 
predictive accuracies, an effect quite apparent for elec- 
trocardiography (28%) but much less so for echocardi- 
ography (87%). In a more typical, non—high-risk popu- 
lation, a normal exercise echocardiogram would be ex- 
pected to correlate even more closely with the absence 
of CAD. 

Our experience with exercise echocardiography 
lends further support to its utilization as a tool for pre- 
dicting the presence, distribution and extent of CAD. It 
overcomes the limitations of exercise electrocardiogra- 
phy and can provide insight into other, noncoronary 
causes of chest pain. Its specific application in a variety 
of patient subgroups (angioplasty, bypass surgery, post- 
infarction and so forth) awaits further investigation. 
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CLASSIFIED 


CARDIOLOGIST BC/BE—CLINICAL CARDIOLO- 
GY. TO JOIN INVASIVE/NONINVASIVE BC AFRO- 
AMERICAN CARDIOLOGIST. WASHINGTON D.C. 
PO BOX 56195, WASHINGTON, D.C. 20011. 





CARDIOLOGIST—BC/BE sought to join a large hospital 
based multispecialty clinic. University affiliated residency 
program. Excellent fringe benefits. Competitive salary. Cal- 
ifornia license required. Send CV to Aung-Win Chiong, MD, 
The Permanente Medical Group, Inc., 2025 Morse Avenue, 
Sacramento, CA 95825. 






Tennessee—3 invasive cardiology group seeking cardiologist 
trained in EP. Utilize a fully equipped EP Lab associated with a major 
university training program; option for academic affiliation. This is 
the opportunity to practice electrophysiology in one of Tennessee's 
most attractive cities. We offer an outstanding income guarantee 
with unlimited potential. Contact Mark Prosperi at 1-800-776-5776 
for details or send C.V. to Cejka & Company, 1034 S. Brentwood 
Bivd., Suite 1850, St. Louis, MO 63117. 



















CLINICAL CARDIOLOGIST 
INVASIVE /NONINVASIVE 
BE/BC 


To join three busy cardiologists in greater 
Cincinnati area. All aspects of adult cardiolo- 
gy. Excellent invasive/cath facilities includ- 
ing PTCA, EP and AICD, active cardiac surgi- 
cal program and up-to-date office and 
hospital Echo, Doppler, Vascular Imaging, 


Stress testing. 


Competitive salary and benefits. Great met- 
ropolitan community with beautiful living at 
reasonable distance from hospitals, excel- 
lent schools, a wealth of art, culture, sports 
events. Big city life with home town atmo- 
sphere. 


POSITION AVAILABLE IMMEDIATELY 


Send CV & Inquiries to: 


P.O. Box #19402 
Cincinnati, Ohio 45219 
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CARDIOLOGY—Opportunity to live and work in the beautiful 
state of Hawaii. Established in 1903, The Honolulu Medical 
Group is seeking a BC/BE cardiologist to join our 40-physician 
multispecialty group. We offer the opportunity to retain control 
of the medical directive while eliminating the headaches of 
administration and recruiting. Plus an attractive salary/benefits 
package and an excellent working environment. Send CV to 
Chairman, Physician Recruitment, The Honolulu Medical 
Group, 550 S. Beretania Street, Honolulu, Hawaii 96813 or fax 
to 808-531-4179. EOE. 


CARDIOVASCULAR ADMINISTRATOR 


WORK AND PLAY in the beautiful Inland Northwest. Year-round 
activities by the many lakes and mountains are just a short drive 
from your back yard. 


A challenging position available with a major tertiary care medical 
center for an innovative, high-energy administrator experienced in 
organizing, marketing, and directing state-of-the-art cardiology 
services. Candidates must demonstrate successful experience in- 
teracting with physicians and executive level management. 
Appropriate education in health care administration with a Mas- 
ter’s degree preferred. 
Sound interesting? Please forward your resumé and salary re- 
quirements to: 
Box 1180 
The American Journal of Cardiology 
249 W. 17th Street 
New York, N.Y. 10011 


(All inquiries will be kept confidential.) 











INTERVENTIONAL CARDIOLOGY FELLOWSHIP — July, 
1991-June, 1992, for outstanding, board-eligible cardiolo- 
gist. Participate in hundreds of cardiac and peripheral proce- 
dures; help develop, test new interventional techniques/de- 
vices. Excellent salary. Send introductory letter, C.V., photo 
to CARDIOVASCULAR INSTITUTE OF THE SOUTH, P.O. BOX 
207, HOUMA, LA 70361. 





CARDIOLOGIST: Seeking non-invasive cardiologist 
to join a cardiology group in Northeastern Pennsylva- 
nia. Send C.V. to P.O. Box 1160, The American 
Journal of Cardiology, 249 W. 17th St., New York, 
N.Y. 10011. 





Cardiology—BC/BE invasive cardiologist sought to asso- 
ciate with growing solo invasive cardiology practice in 
Richmond, VA. PTCA experience desirable; competitive 
salary and benefits with early opportunity for full partner- 
ship. Send CV to Dr. B. Hammond, M.D., 2000 Bremo Road, 
Suite 103, Richmond, VA. 23226. 








CARDIOLOGISTS—Academic Cardiologists—Clinical non- 
invasive cardiologists (BC/BE), preferably with expertise in 
echocardiography and/or nuclear cardiology needed for full- 
time tenure track or non-tenure track positions at Assistant or 
Associate Professor level. Position involves clinical duties 
and teaching responsibilities, with opportunity for clinical re- 
search in active, fast-paced setting with growing section. Su- 
perb clinical material and experienced senior faculty make 
this an excellent choice for academically-oriented individ- 
uals. Reply with CV and letter stating personal and career 
goals to: Charles M. Gross, MD, Associate Professor of Medi- 
cine and Interim Chief of Cardiology, Medical College of 
Georgia, Augusta, GA 309 12-3105. MCG is an Equal Opportu- 
nity/Affirmative Action Employer. 


MEDICAL DIRECTOR 
CARDIAC TRANSPLANTATION 
PHILADELPHIA, PENNSYLVANIA 


600-bed academic center seeking Medical Director for 
newly instituted cardiac transplant program established 
in September, 1990. Hospital noted for well-regarded 
heart failure program as well as active cardiac rehabili- 
tation and fitness center. The cardiovascular service is 
considered the premier program in the region. 


Qualified candidates must be certified in internal medi- 
cine and eligible/certified in cardiology. Clinical excel- 
lence required in managing patients with heart failure 
and in screening patients for cardiac transplant. Ability 
to perform myocardial biopsies also needed. 


Contact: Jeanne Dowrick, Fulton, Longshore and Asso- 
ciates, Inc., 527 Plymouth Road, Suite 410, Plymouth 
Meeting, PA 19462, (800) 346-8397 or (215) 834-6780. 








DIRECTOR OF PEDIATRIC CARDIOLOGY: BC/BE cardiolo- 
gist needed to join faculty at Children’s Hospital of Orange 
County and direct a large and developing pediatric cardiology 
program. Modern cath lab, 60 bed combined PICU/NICU, 
ECMO Center and only hospital performing pediatric cardiac 
surgery in what is now the 5th most populous county in the 
USA. Experience in cardiac electrophysiology desirable. Re- 
sponsibilities include clinical cardiology and development of a 
clinical and/or basic research program. Please send CV to 
Harriet Opfell, M.D., Medical Director, Children’s Hospital of 
Orange County, 455 So. Main, Orange, CA 92668. 






CATH LAB JOINT VENTURES—Diversified Health Ventures, Inc., 
located in the San Francisco Bay Area is arranging Cath Lab Joint 
Ventures between Cardiologists and Hospitals. The principal of 
our firm has assisted in the formation of “Heart Institutes’ for 
leading hospitals. Cardiologists can significantly enhance their in- 
come while at the same time provide the latest technology to com- 
munity hospitals. Reconditioned equipment and financing avail- 
able. For more information call R. Neal Gilbert at 415/463-8810 or 
write to: Diversified Health Ventures, 5776 Stoneridge Mall Road, 
Suite 230, Pleasanton, CA 94566. Nuclear medicine joint ventures 
also available. 





See why echocardiography 


will never be the same. Join in the 
excitement beginning June 12. 
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No two are exactly alike. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is > 
essential to have this diversity. 


America's research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
Manufacturers 
Association 


[IF A NEW MEDICINE CAN HELP Es 
WE’RE WORKING ON IT. 











Quantification of ST-Segment Changes During 
Coronary Angioplasty in Patients with Left 





Bundle Branch Block 


Karen S. Stark, MD, Mitchell W. Krucoff, MD, Beverly Schryver, MS, 
and Kenneth M. Kent MD, PhD 


Electrocardiographic manifestations of ischemia 


are difficult to interpret in the presence of left 
bundle branch block (LBBB). Recently developed 
techniques allow continuous computerized digital 
analysis of ST segments that can be zeroed to 
the patient’s own baseline electrocardiogram 
even if that baseline is abnormal conduction. 
With use of this technology, ST-segment 
changes during balloon coronary occlusion were 
compared in 10 patients with LBBB versus an 
age-, sex-, and coronary anatomy—matched pop- 
ulation of 20 control subjects with normal base- 
line conduction. ST-segment deviation of 21 mm 
from baseline was present in 80% of patients 
with LBBB and in 75% of control patients (dif- 
ference not significant). There was no significant 
difference between patients with LBBB versus 
control patients in maximal ST-segment devi- 
ation (2.6 + 1.7 vs 2.0 + 1.0 mm) or in ST-seg- 
ment deviation measured after 60 seconds of oc- 
clusion (2.4 + 1.3 vs 1.8 + 1.1 mm). ST-seg- 
ment deviation reached 1 mm more quickly in 
patients with LBBB (33 + 11 seconds) than in 
control subjects (60 + 36 seconds) (p = 0.003). 
It is concluded that ST-segment analysis is feasi- 
ble in patients with LBBB using digital self-refer- 
enced ST analysis and may provide important 
clinical information regarding the presence of 
myocardial ischemia. 

(Am J Cardiol 1991;67:1219-1222) 


From Georgetown University Hospital, 3800 Reservoir Road, NW, 


Washington, D.C. Manuscript received May 11, 1990; revised manu- 
script received January 17, 1991, and accepted January 21. 

: Address for reprints: Karen S. Stark, MD, Washington Cardiology 

Center, PC, 110 Irving Street, NW 4B-14, Washington, D.C. 20010. 


well-described dynamic markers for myocardial 

ischemia and infarction. During percutaneous 
transluminal coronary angioplasty, ST-segment moni- 
toring is used to assess the degree of ischemia induced 
by balloon coronary occlusion. This type of monitoring 
has been useful in evaluating the effects of interventions 
designed to decrease ischemia and in predicting compli- 
cations. ST-segment analysis, however, has been largely 
ignored in the presence of left bundle branch block 
(LBBB) where the abnormal pattern of repolarization 
makes absolute ST levels and relative changes in ST 
level difficult to interpret. Recent advances in monitor- 
ing technology allow continuous computerized digital 
analysis of ST segments in multiple leads simultaneous- 
ly. Digital electrocardiographic information can be self- 
referenced or zeroed to the patient’s own baseline elec- 
trocardiogram. This allows precise analysis of dynamic 
ST-segment shifts despite baseline electrocardiographic 
abnormalities. This study compares the ST deviation 
from a self-referenced baseline during coronary occlu- 
sion in patients with LBBB to the ST changes in 
matched control patients with normal baseline conduc- 
tion. 


E lectrocardiographic ST-segment changes are 


METHODS 

Patient population: Nine hundred patients undergo- 
ing elective coronary angioplasty between March 5, 
1985, and April 26, 1988, underwent ST-segment mon- 
itoring. Retrospective review of this database identified 
11 patients with LBBB. The criteria for LBBB were: 
(1) conduction originating above the atrioventricular 
node; (2) QRS duration of 20.14 second; (3) predomi- 
nantly upright complexes with broad slurred R waves 
in leads I, V; and V6; and (4) QS or rS pattern in V; 
with a normal intrinsicoid deflection. 

Control subjects with no conduction abnormality 
were then matched in a 2:1 ratio to patients with LBBB 
by age + 5 years, sex, angioplasty artery, and presence 
or absence of intercoronary collateral vessels. 

ST-segment monitoring: Over the course of this 
study, 2 devices were used for ST-segment monitoring. 
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Initially, a 3-channel precalibrated ST/Holter AM re- 
corder (Scole-Alta 3) was used. This system has been 
previously validated for low-frequency response and 
phase shift through the entire record/playback loop 
when paired with the Marquette 8000 playback com- 
puter.' This playback computer was then interfaced to a 
DEC PDP 11/34 mainframe for playback. Bipolar 
leads were used to address true anterior (V>), lateral 
(Vs) and inferior (aVF) vectors. 

The second monitoring device used was a 12-lead 
real-time portable programmable microprocessor-driven 
device, the Mortara EL1-ST. This device acquires a 
standard 12-lead electrocardiogram every 15 to 20 sec- 
onds. The analog wave forms are digitized and com- 
pared with the baseline in real time. Further analysis of 
the digital information is accomplished using graphic 
and superimposition software developed on an IBM per- 
sonal computer. For the purposes of this study only data 
obtained from leads V2, V5; and aVF were analyzed. 

ST-segment trends were generated by averaging the 
ST-segment level at J plus 60 ms of all normally con- 
ducted beats in 20-second intervals (Figure 1). 

ST-segment analysis: ST baseline was defined as 
the patient’s ST level before angioplasty set as zero. Sig- 
nificant ischemia was defined as >1 mm ST-segment 
shift from the baseline in any of 3 leads. 

Data were recorded for each patient from only the 
most active lead when at least 1 lead showed changes. 
The most active lead was defined as the lead with the 





Baseline TCA 


Channel 2 Level (mm) 


3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 
Time (minutes) 


FIGURE 1. ST-segment trend recorded during angioplasty 
Horizontal bars indicate balloon inflations. A similar pattern 


of ST-segment elevation with 


greatest absolute peak ST change, with elevation taking 
priority over depression when these changes coexisted. 
Inflations lasting from 60 to 120 seconds were analyzed. 
Peak heart rate was recorded for each inflation ana- 
lyzed. 

Three parameters were analyzed. The first, referred 
to as 1 mm time, is the time after inflation in seconds to 
reach 1 mm of ST-segment deviation from the baseline. 
The second, referred to as ST 60, is the absolute ST- 
segment deviation from baseline at 60 seconds after in- 
flation. The third, the peak ST, is the maximal absolute 
ST-segment deviation from baseline in millimeters. 


RESULTS 

The mean age was 64 + 8 years for study patients 
and 63 + 8 years for control patients; 24 of 33 were 
men (73%) and 9 of 33 were women (27%). The angio- 


plasty coronary artery was the left anterior descending 


in 9 of 33 (27%), the circumflex in 12 of 33 (36%), and” 
the right in 12 of 33 (36%). Intercoronary collateral 
vessels were identified on the preangioplasty angio- 
grams in 18 of 33 patients (55%). Significant ischemia 
during balloon inflation was documented in 9 of 11 pa- 
tients with LBBB and in 16 of 22 control patients. In 6 
of the 9 patients with LBBB with ischemia, both of the 
matched control subjects also had ischemia in the same 
most active lead. In the other 3 LBBB patients with 
ischemia, only | of the 2 control subjects also had isch- 
emia. Mean peak heart rate during balloon inflation for 
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- High-resolution ST analysis gives a mean ST level every 15 seconds. 
balloon inflations 


is evident in lead 


aVF (Channel 2) during right coronary occlusion in a patient with (A) normal baseline conduction and (B) left bundle branch 
block. TCA = transluminal angioplasty. 
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the 2 groups was 77 + 19 beats/min for the study pa- 
tients and 71 + 11 beats/min for control subjects (dif- 
ference not significant). Mean change in heart rate 
- during inflation was 4 + 3 beats/min for both groups 
of patients. The peak ST-segment deviation from base- 
line during balloon inflations was 2.6 + 1.6 mm for the 
group with LBBB and 2.0 + 1.0 mm for the control 
population (difference not significant). The time taken 
to reach 1.0 mm of ST-segment deviation was signifi- 
cantly less for the LBBB group (36 + 13 seconds) than 
for the control group (55 + 31 seconds) (p <0.003). 
Sixty seconds into inflation, however, this difference re- 
solved with peak absolute ST-segment deviation of 2.1 
+ 1.1 mm for the LBBB group and 1.7 + 1.1 mm for 
the control group which was not significantly different 
(Table I). 


DISCUSSION 

In this study, we have demonstrated that ST-seg- 
ment analysis in patients with LBBB appears feasible 
with digital technology when ST segments can be ze- 
roed to the patient’s own baseline. During controlled 
coronary occlusion using self-referenced ST monitoring, 
both the incidence and the quantity of ischemic ST 
change are the same in patients with LBBB versus pa- 
tients with normal conduction. Although 1 mm of ST 
elevation occurs earlier in patients with LBBB, this dif- 
ference is resolved by 60 seconds and therefore does not 
effect the ability of the ST monitor to evaluate myocar- 
dial ischemia in the setting of LBBB. The mechanism 
for this difference is unclear. 

Study limitations: This is a small retrospective se- 
ries. Although the study population was diverse, the 
_ control population was matched for important criteria 
of age, sex, and coronary anatomy including dilated 
arteries and presence of collateral vessels. They were 
not controlled for medications administered or ventricu- 
lar function. 

Comparison with other studies: The difficulty in di- 
agnosing acute and chronic myocardial infarction in the 
presence of LBBB has long been recognized. Numerous 
studies have evaluated a variety of electrocardiographic 
criteria for infarction in LBBB with conflicting reports 
on their reliability.2-? Reports on ST-segment changes 
during acute ischemic syndromes are limited and offer 
conflicting results.!°-!> Two recent series have analyzed 
ST-segment changes in patients with an acute clinical 
syndrome and creatine kinase isoenzyme levels consis- 
tent with acute infarction. Wackers!® found that the 
sensitivity of ST-segment elevation in myocardial in- 
farction was 54%, with a specificity of 97% and a pre- 
- dictive accuracy of 96%. He also stressed the im- 
portance of serial electrocardiographic changes, which 
were noted in 67% of his patients with acute myocardi- 
al infarction. Similarly, a retrospective review by inves- 


TABLE I ST-Segment Changes During Percutaneous 
Transluminal Coronary Angioplasty 


1 mm Time ST 60 Peak ST 
Group (s) (mm) (mm) 


LBBB 36413 2.11.1 
Control 55 + 31 1.71.1 
p Value 0.003 NS 
LBBB = left bundle branch block group; NS = not significant; 1 mm Time = time to 
reach 1 mm of ST-segment deviation from baseline; Peak ST = maximal absolute ST- 


segment deviation from baseline during inflation; ST 60 = absolute ST-segment 
deviation from baseline 60 seconds after occlusion. 





tigators from the Multicenter Investigation for the 
Limitation of Infarct Size showed primary ST- and T- 
wave changes in 22 adjacent leads to have a high 
specificity (91%) and positive predictive value (80%) 
for acute myocardial infarction.'’ Sensitivity, however, 
was only 50%. Our study offers the advantage of ob- 
serving dynamic real-time ST-segment changes during 
angiographically documented controlled coronary oc- 
clusion. Our data support the conclusion that ST seg- 
ments are useful in evaluating ischemia in patients with 
LBBB. 

Clinical implications: In patients with normal con- 
duction systems, the use of ST-segment monitoring has 
been found helpful in quantitating ischemia during rou- 
tine angioplasty, in evaluating the effects of antiisch- 
emic interventions, in predicting early complications, 
and in identifying site-specific reocclusion after angio- 
plasty.!8-2! Our data would suggest that ST-segment 
analysis may be of similar benefit in patients with 
LBBB. 

In this era of expanding computerization, it is in- 
creasingly likely that any patient presenting to a hospi- 
tal with an acute myocardial infarction will have a prior 
electrocardiogram available for comparison. In the pa- 
tient with chronic LBBB, ST-segment analysis may al- 
low the accurate diagnosis of the presence and type of 
myocardial infarction, especially if compared with the 
patient’s own baseline tracing. 
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Composition of Atherosclerotic Plaques in 
Coronary Arteries in Women <40 Years of Age 
with Fatal Coronary Artery Disease and 


Implications for Plaque Reversibility 





Allen L. Dollar, MD, Amy H. Kragel, MD, Daniel J. Fernicola, MD, 
Myron A. Waclawiw, PhD, and William C. Roberts, MD 


This study analyzes the composition of athero- 
sclerotic plaques in the 4 major epicardial coro- 
nary arteries in 8 women <40 years of age 
(mean 34) with fatal coronary artery disease 
(CAD) and compares these data to previous stud- 
ies of 37 adults >45 years of age (mean 59) with 
fatal CAD. Histologic sections were taken at 5- 
mm intervals from the entire lengths of the right, 
left main, left anterior descending and left cir- 
cumflex coronary arteries. With the use of a 
computerized morphometry system, analysis of 
the 4 major epicardial coronary arteries showed 
the major component of plaque to be a combina- 
tion of cellular (mean percent total plaque area = 
65%, standard error = 6%) and dense (19%, 
standard error = 6%) fibrous tissue. Arterial 
segments narrowed >75% in cross-sectional 
area from these young women were compared 
with similarly narrowed arteries from 37 older 
patients (32 men [86%]) with fatal CAD previ- 
ously reported by this laboratory, and showed 
significantly more cellular fibrous tissue and lip- 
id-rich foam cells, and lesser amounts of dense 
fibrous and heavily calcified tissue. The large 
amount of lipid-containing foam cells and relative 
lack of acellular scar tissue in coronary plaques 
in these young women suggests a greater poten- 
tial for reversibility of these plaques in this sub- 
set of patients with CAD. 

(Am J Cardiol 1991;67:1223-1227) 
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eath from coronary artery disease (CAD) in 
D young women is uncommon. Most published 

information regarding characteristics of CAD 
in young persons is based on angiographic data.!-!° No 
published studies have provided a quantitative analysis 
at necropsy of the degree of coronary arterial narrow- 
ing or of the composition of atherosclerotic plaques in 
such persons. This study describes quantitatively the 
degrees of coronary arterial narrowing and the compo- 
sition of the atherosclerotic plaques at necropsy in 8 
women <40 years of age with fatal CAD, and com- 
pares the results to similar studies of the coronary arter- 
ies in older persons with fatal CAD. 


METHODS 

Patients: The necropsy files of the Pathology 
Branch, National Heart, Lung, and Blood Institute, 
National Institutes of Health, were searched for women 
who were <40 years of age at death and who were 
coded as having fatal CAD. The coding of CAD was 
based on the presence of at least 1 major (right, left 
main, left anterior descending and left circumflex) epi- 
cardial coronary artery being narrowed >75% in cross- 
sectional area by plaque. Patients who had undergone 
coronary artery surgery or angioplasty were excluded. 
Patients having hemodialysis or radiation therapy were 
also excluded. Nine women met these criteria. In 1 
woman, histologic examination of the narrowed ar- 
tery showed that the lumen was narrowed entirely by 
thromboembolic material, without underlying athero- 
sclerotic plaque, and, therefore, the clot was believed to 
be embolic in origin. This case was deleted from subse- 
quent analysis. The remaining 8 women form the basis 
of this study. 

Histologic techniques: The hearts studied were fixed 
in formalin. The 4 major epicardial coronary arteries 
were dissected off of the hearts intact, decalcified, and 
then sectioned transversely at 5-mm intervals. The seg- 
ments were labeled sequentially from the origin of each 
artery. The 5-mm segments were dehydrated in alco- 
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TABLE I Clinical and Morphologic Features in Eight Women Aged <40 Years with Fatal Coronary Artery Disease 


— 
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Mode of 
Death 


Sudden 
Sudden 
Sudden* 
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+ + | Oe: 2 
++4+0000012Z2 


++/++00) 
oo+00+00;/ 7 


1 
2 
a 
4 
5 
6 
7 
8 


Percent Segments Narrowed a Given Degree in CSA 


26-50% 


Coronary Artery 
Narrowed >75% in CSA 


51-75% 76-95% 96-100% Right LM LAD LC 


+++ 00444 
OO ©: oO FO © 
++O4+00+4+0 
++O+4++4++4+00 


* Unexpected intraoperative death during femoral artery embolectomy, the source of which was presumed to be the left ventricular cavity. 

t Death in the hospital during admission for unstable angina pectoris and ventricular arrhythmias. 

AMI = acute myocardial infarct; CSA = cross-sectional area; DM = diabetes mellitus; F = fibrosis; HW = heart weight; LAD = left anterior descending; LC = left circumflex; LV = 
transmural left ventricular; LM = left main; N = necrosis; SH = history of systemic hypertension; 0 = absent; + = present; — = no information available. 


hols, cleared in xylene, and embedded in paraffin. Each 
5-mm section of coronary artery was sectioned and 
stained both with hematoxylin and eosin and by the 
Movat method. Two hundred fifty-nine segments were 
analyzed. 

Morphometric techniques: The morphometric tech- 
niques used in this study have been described in detail 
previously.'! In brief, the individual sections of coro- 
nary artery were projected onto a sheet of paper using a 
projection microscope, and a tracing was made of the 
internal elastic membrane of the artery, the actual lu- 
men of the artery (including any fresh intraluminal 
thrombus, if present), and the areas of the various com- 
ponents of the atherosclerotic plaque including dense, 
relatively acellular fibrous tissue, pultaceous debris (ex- 
tracellular lipid), foam cells with and without lympho- 
cytes, and inflammatory infiltrates without significant 
numbers of foam cells. The actual areas of each com- 
ponent of the artery and plaque outlined were mea- 
sured using a digitalized computer morphometric sys- 
tem. The composition of atherosclerotic plaque in each 
histologic section from the 259 segments of coronary 
arteries in the young women (mean age 34 years) and 
in each of the sections prepared from the 1,533 seg- 
ments in the 37 control subjects (mean age 59 years, 
32 men [86%]) was determined by the same investiga- 
tor (AHK). 

The degree of cross-sectional area luminal narrow- 
ing (excluding fresh intraluminal thrombus) was deter- 
mined by measuring the difference in the area bounded 
by internal elastic membrane and that occupied by 
plaque. Each segment of artery was then classified as 
belonging to | of 4 subgroups of cross-sectional area 
narrowing: 0 to 25%, 26 to 50%, 51 to 75% and 76 to 
100%. The subgroup of cross-sectional narrowing in 
segments of artery that were significantly compressed 
during processing were determined visually because cal- 
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culated areas in these cases may overestimate the de- 
grees of luminal narrowing. 

Statistical analysis: The mean plaque composition 
of each of the 4 major epicardial coronary arteries and 
in each of the 4 categories of cross-sectional area nar- 
rowing were calculated by determining first the mean 
for a given subset of sections in each patient and then 
calculating the mean for all 8 patients. Analyses of 
variance were then used to study the difference in 
plaque composition among the 4 arteries (correcting for 
differing degrees of luminal narrowing). A linear con- 
trast model was used to study whether a linear trend 
existed in the mean percentage of any component over 
the 4 categories of luminal narrowing. 

In all analyses, the individual patient was the unit of 
study rather than the number of sections or arteries 
studied.!* General linear models procedure (PROC 
GLM) of SAS! was used for all analyses. The analy- 
ses were weighted for the numbers of observations used 
to calculate each mean to account for the differing 
number of sections in each subset of the analysis. 


RESULTS 

Clinical and morphologic findings in the 8 women 
are summarized in Table I. Three patients had only | 
of the 4 major epicardial coronary arteries narrowed 
>75% in cross-sectional area, 2 had 2 arteries so nar- 
rowed and 3 had 3 arteries so narrowed. Only | patient 
had significant narrowing of the left main coronary 
artery. 

Plaque composition in the four major epicardial 
coronary arteries: The mean plaque composition of the 
4 major coronary arteries is shown in Figure 1. The 
major component of plaque in all 4 arteries was a com- 
bination of cellular (mean percent total plaque area, 
65%; standard error [SE] = 6%) and dense (19%, SE | 
= 6%) fibrous tissue. Foam cells (9%, SE = 2%), pul- 
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taceous debris (3%, SE = 1%), heavily calcified tissue 
(2%, SE = 2%), loose fibrous tissue (1%, SE = 0.4%) 
and foam cells admixed with lymphocytes (0.6%, SE = 
0.4%) accounted for small portions of the plaque. No 
significant difference in plaque composition was noted 
among the 4 major epicardial coronary arteries. 

Plaque composition in the four categories of nar- 
rowing: When the segments of coronary artery in each 
patient were divided into 4 categories of narrowing, sig- 
nificant linear trends in the composition of plaque 
were observed (Figure 2). As the cross-sectional area 
narrowing increased, the mean percentage of most 
components of the plaque increased: As the narrowing 
increased from 0 to 25 to 76 to 100%, the mean propor- 
tion of plaque composed of dense fibrous tissue in- 
creased from 1 to 33% (p = 0.003); pultaceous debris, 
from 0 to 8% (p = 0.002); foam cell aggregates, from | 
to 20% (p = 0.01); and foam cells and lymphocytes, 
from 0 to 2% (p = 0.02). The only plaque component 
that had a linear decrease as the artery became more 
narrowed was cellular fibrous tissue, which decreased 
from 98 to 35% (p = 0.0001). 
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FIGURE 1. Graph showing the plaque 
composition (mean percentage) in each of 
the 4 major epicardial coronary arteries. 
LAD = left anterior descending coronary 
artery; LC = left circumflex coronary ar- 
tery; LM = left main coronary artery; R = 
right coronary artery. 


FIGURE 2. Graph showing the plaque 


composition (mean percentage) in each of 
the 4 categories of cross-sectional area 


narrowing. 


DISCUSSION 

Recent reports from this laboratory have described 
the composition of atherosclerotic plaques, studied in a 
manner similar to that in the present study, in 37 older 
patients (32 men) with fatal CAD (acute myocardial 
infarction, sudden coronary death and unstable angina 
pectoris ).!>:!4 The composition of atherosclerotic plaque 
in severely narrowed segments of artery from these old- 
er patients (mean age 59 years) and the young women 
(mean age 34 years) in this study are summarized in 
Table II and in Figure 3. There were striking differ- 
ences in the mean percentage of plaque occupied by 
dense and cellular fibrous tissue, heavily calcified tissue 
and foam cell aggregates. The dominant component of 
severely narrowed segments in the older patients with 
acute myocardial infarction, sudden coronary death 
and unstable angina pectoris was dense fibrous tissue 
(mean 40 to 53%) with a lesser amount of cellular fi- 
brous tissue (12 to 29%). In the present study, the sig- 
nificantly narrowed plaques contained approximately 
equal amounts of dense and cellular fibrous tissue (33 
and 34%, respectively). Foam cell aggregates, which 
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TABLE Il Comparison of Plaque Composition in Women <40 Years of Age with Fatal Coronary Artery Disease with That in Older 


Patients with Fatal Coronary Artery Disease 


Mean Percent Plaque Composition in Segments Narrowed >75% 


in Cross-Sectional Area 


Combined 


Previous 
Studies 


Present 
Study 


No. of patients 8 37 

1533 

47-—70(59) 
46 


No. of 5-mm coronary segments 259 

Age (yr) (mean) 31-39(34) 
Dense fibrous tissue 33 

Loose fibrous tissue 1 2 
Cellular fibrous tissue 34 20 
Heavily calcified tissue 10 
Pultaceous debris 12 
Foam cells 

Foam cells and lymphocytes 

Other inflammatory infiltrates 


Subsets of Previous Studies 


AMI SCD 


15 12 10 
555 529 449 
53-68(61) 51-68(57) 47-—/0(59) 
53 40 
3 2 
12 22 
6 17 
19 


* p value is for comparison between the mean percent composition in the present study group and the combined previous studies. 
AMI = first and only acute myocardial infarction; SCD = sudden death as first and only manifestation of coronary artery disease; UAP = unstable angina pectoris (pain at rest with- 


out acute myocardial infarction). 





are rich in intracellular lipid, comprised a strikingly 
greater percentage of plaques in the young patients 
(19%) compared to that in the previous studies (0 to 
2%). Plaques containing calcified deposits were present 
in only 2 of the 8 patients in the present study as op- 
posed to being present in virtually every older patient. 

Few other studies have described morphologic fea- 
tures of atherosclerotic plaques in young persons with 
CAD.!>:!© Strong et al!> studied longitudinally opened 
coronary arteries in 74 men aged 24 to 44 years with 
fatal CAD. The percentage of intimal surface contain- 
ing grossly visible fatty streaks (Sudan IV stain), fi- 
brous plaques, complicated lesions and calcified lesions 
was determined: 59% of the intimal surface was cov- 
ered by grossly visible atherosclerotic plaques, consist- 
ing of fibrous (49%), calcified (32%), fatty (12%) and 
“complicated” lesions (7%). Because the methods used 


>< 


in their earlier study are very different from ours, 
meaningful comparison with our findings is not possi- 
ble. Corrado et al!® studied histologic sections of coro- 
nary arteries at sites of severe narrowing in 19 patients 
(17 men) aged 18 to 35 years with fatal CAD, and 
found the plaque in 16 cases to be “uncomplicated” 
and “mainly fibromatous.” 

The high percentage of cellular fibrous tissue and 
foam cells and the relative lack of calcium in severely 
narrowed segments of coronary artery in our young 
women, compared with our older patients, suggests that 
plaques in the younger group are either “younger” (i.e., 
have been present for a shorter period of time or devel- 
oped more quickly), or developed under different influ- 
ences or by different mechanisms, or both. Wissler!’ 
found that the plaques in hypercholesterolemic rab- 
bits and fowl, whose atherosclerotic plaques developed 
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FIGURE 3. Graph comparing plaque com- 
position (mean percentage) in sections 
narrowed >75% in cross-sectional area in 
the present study and in older patients 
with a fatal acute myocardial infarct 
(AMI), sudden coronary death (SCD) and 
unstable angina pectoris (UAP). 
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quickly, were composed predominantly of foam cells, 
whereas the plaques in swine and monkeys that devel- 
oped atherosclerosis more slowly were composed mainly 
of spindle cells (cellular fibrous tissue). Wilson et al!® 
studied coronary atherosclerotic plaques at various peri- 
ods up to 5 years in rabbits fed butterfat, and found a 
decrease in the lipid content of the plaques, a decrease 
in “normal” smooth muscle (cellular fibrous tissue), 
and an increase in the amount of fibrosis (dense fibrous 
tissue) and calcium over time. Both the observations of 
Wissler and Wilson et al suggest that young atheroscle- 
rotic plaques that develop rapidly are characterized by 
a rich foam-cell content, by the presence of large 
amounts of cellular fibrous tissue and by a lack of cal- 
cific deposits. Our observations suggest that this pattern 
is also found in young women. 

The large amount of foam cells and the relative lack 
of acellular scar tissue (dense fibrous tissue) and calci- 
um in these young women may have important clinical 
implications. Armstrong and Megan!?° showed that 
during regression of atherosclerotic plaques in nonhu- 
man animals, there may be a preferential loss of lipid 
and “young” collagen rather than “older” heavily 
cross-linked collagen fibers. The lipid-rich, cellular 
plaques in young patients may have a higher degree of 
reversibility compared with the densely fibrotic and cal- 
cified plaques in older patients. 
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Composition of Atherosclerotic Plaques in the 
Four Major Epicardial Coronary Arteries in 
Patients >90 Years of Age 


S. David Gertz, MD, PhD, Sonya Malekzadeh, BA, Allen L. Dollar, MD, 
Amy H. Kragel, MD, and William C. Roberts, MD 


The composition of atherosclerotic plaques in 


733 five-mm segments of the 4 major (left main, 
left anterior descending, left circumflex and 
right) epicardial coronary arteries of 18 patients 
>90 years of age was determined by computer- 
ized planimetric analysis. By analysis of all coro- 
nary segments of all patients >90, the plaques 
consisted primarily of fibrous tissue (87 + 8%) 
with calcific deposits (7 + 6%), pultaceous de- 
bris (5 + 4%) and foam cells (1 + 1%) occupying 
a much smaller percentage of plaque area. Anal- 
ysis of composition according to the 4 degrees of 
luminal cross-sectional area narrowing revealed 
marked step-wise increases in pultaceous debris 
(from O + 0% at 0 to 25% narrowing to 18 + 
22% at 76 to 100% narrowing, p = 0.0001) 
and calcific deposits (from O + 0 to 10 + 15%, p 
= 0.002), and decreases in fibrous tissue (from 
99 + 3 to 71 + 23%, p = 0.0001) and area oc- 
cupied by the media (from 35 + 8 to 16 + 8%, p 
= 0.0001). When the analysis was restricted to 
sections narrowed >75%, no significant differ- 
ences were found in plaque components or medi- 
al area between patients with (11 patients) and 
without (7 patients) myocardial infarcts at nec- 
ropsy. 

(Am J Cardiol 1991;67:1228-—1233) 
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continued to increase, and coronary artery dis- 

ease is still the most frequent cause of death in 
the elderly population.!-*+ The frequency of myocardial 
infarcts at necropsy in patients dying at ages =90 years 
has been reported to be lower than in younger popula- 
tions.>-’ The few reported necropsy studies of patients 
aged 290 years suggest that the severity of coronary 
atherosclerosis in the subset with symptomatic myocar- 
dial ischemia is similar to*+7*® or less than>!° that of 
younger patients with symptomatic myocardial isch- 
emia, but that the severity of coronary artery disease in 
unselected or asymptomatic patients >90 years old is 
similar to® or more than’,?-!° that of younger unselected 
or asymptomatic patients. The present study examines 
the composition of atherosclerotic plaques in the coro- 
nary arteries of patients 290 years old. 


T he percentage of people surviving 290 years has 


METHODS 

The hearts of 18 patients 290 years of age at death 
were studied. The hearts were selected from the necrop- 
sy files of the Pathology Branch of the National Heart, 
Lung, and Blood Institute. The patients in this study 
were included in a previous study from this laboratory 
of clinical and cardiac morphologic features of 40 pa- 
tients >90 years of age.? Patients who had undergone 
coronary artery bypass surgery or percutaneous translu- 
minal coronary angioplasty were excluded. Eleven pa- 
tients had myocardial infarcts (acute, healed, or both) 
at necropsy, and 7 patients died from noncardiac causes 
and had no infarcts at necropsy. Certain characteristics 
of each patient are listed in Table I. 

The hearts were fixed in 10% buffered formalde- 
hyde for 23 days. The 4 major epicardial coronary 
arteries (left main, left anterior descending, left circum- 
flex and right) were excised intact and decalcified by 
the formic acid-sodium citrate method!! for approxi- 
mately 12 hours. (The gross decalcification by this 
technique does not preclude the identification of calcific 
deposits in histologic sections stained by the Movat or 
the hematoxylin and eosin techniques.) The arteries 
were sectioned transversely at 5-mm intervals and the 
segments were labeled sequentially. All specimens were 
then dehydrated in ethanol and xylene, and embedded 
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TABLE I Pertinent Characteristics in the 18 Patients 290 Years Old 


Age Mean HW 
by Sex 
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F402 + 110 


All = all segments of the 4 major epicardial coronary arteries; AMI = acute (recent) myocardial infarct; CA = coronary artery; CD = calcific deposits; CSA = cross-sectional area; 
DM = diabetes mellitus; F = female; F’ = fibrosis; FO = foam cells; FT = fibrous tissue; HW = heart weight; M = male; n = number of patients; N = necrosis; LV = left ventricular; OMI 
= old (healed) myocardial infarct; P = plaque; PD = pultaceous debris; S = segments; SD = standard deviation; SH = systemic hypertension. 


in paraffin. One section (5-um thick) from each 5-mm 
segment was stained by the Movat method,!? and an- 
other section from each 5-mm segment was stained 
with hematoxylin and eosin. Seven hundred thirty-three 
coronary segments were examined in detail. The hearts 
were cut transversely into slices approximately 1.0-cm 
thick from the ventricular apex to approximately 2.0 
cm caudal to the posterior atrioventricular sulcus. 
Plaque composition and luminal narrowing were as- 
sessed by planimetry as follows: Movat-stained sections 
from each 5-mm coronary segment were projected onto 
white paper using a Bausch & Lomb Tri-simplex mi- 
croprojector. The image was magnified approximately 
40 times and the following areas were traced: external 
elastic lamina (corresponding to the outer border of the 
media ); internal elastic lamina (potential lumen); resid- 
ual lumen; fibrous tissue (cellular and acellular, pri- 
marily collagenous with some elastic fibers intermin- 
gled with smooth muscle cells and fibroblasts with a 
variable amount of mucopolysaccarides); pultaceous 
debris (extracellular lipid represented by pale-stain- 
ing areas consisting of amorphous material with numer- 
ous cholesterol clefts and a variable amount of inflam- 
matory infiltrates); calcific deposits (granular, brown- 





stained areas in Movat-stained sections) (single, isolat- 
ed granules were not included in this quantification); 
and foam cells. 

After tracing the aforementioned components, the 
relative area occupied by each component was deter- 
mined by re-outlining these areas with a GTCO “Mi- 
cro Digi-pad” and stylus (model 1212) in association 
with the ““Macmeasure” morphometric software pack- 
age adapted to a MacIntosh SE computer.!? 

Luminal narrowing was determined by the differ- 
ence between the area bounded by the internal elastic 
lamina and that occupied by plaque (percent cross-sec- 
tional area narrowing = [100 — (area of residual lu- 
men/area bounded by internal elastic lamina) X 100)). 
The percent reduction in cross-sectional area by athero- 
sclerotic plaque alone thus obtained was expressed as 
an absolute number and as belonging to 1 of 4 degrees 
of cross-sectional area narrowing—O to 25%, 26 to 
50%, 51 to 75% and 76 to 100%. 

Plaque composition was analyzed for each of the 4 
major epicardial coronary arteries by averaging the 
means for each component of all segments for each ar- 


tery in each patient. For all final statistical analyses, 


the individual patient was the unit of study!* unless 
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0.08 
8+10 


The infarct-related coronary artery was the left an- 
terior descending artery for anterior wall infarcts and 
the dominant right or dominant left circumflex coro- 
nary artery for posterior (inferior) wall infarcts. 

Statistical comparisons of numerical data were per- 
formed by 2-tailed ¢ tests (paired or unpaired as appro- 
priate). Categorical data were compared by coded chi- 
square analysis. For these calculations, the Stat View 


otherwise specified. Comparisons of plaque composition 
were made between the various degrees of luminal nar- 
rowing, between infarct-related and non-infarct-related 
arteries, between patients with infarcts at necropsy and 
those without, and between patients 290 years of age 
with infarcts at necropsy and patients 53 to 68 years of 
age!415 and patients <40 years of age with infarcts at 
necrospy!® studied previously. 


TABLE Il Comparison of Plaque Composition of the Four Major Epicardial Coronary Arteries in Patients >90 Years Old With and 
Without Myocardial Infarcts at Necropsy 


Plaque Components 


LM + (8)[16] 
0(6)(8] 
p Value 
LAD + (11){157] 
0(7)[103] 
p Value 
LC + (10)[98] 
0(7)[68] 
p Value 
R+(10)(172] 
O(7){111] 
p Value 
* Each number represents the mean percentage (+ standard deviation) of plaque area occupied by each component listed for all 5mm segments of each of the 4 major 
epicardial coronary arteries of each patient with (+) or without (0) myocardial infarcts (acute or healed, or both) at necropsy. 
t Mean percentage (+ standard deviation) of the area encircled by the external elastic lamina that is media. 


t Mean percent reduction (+ standard deviation) in luminal cross-sectional area calculated by planimetry. 
CSAN = cross-sectional area narrowing; LAD = left anterior descending; LC = left circumflex; LM = left main; M = mean; R = right; S = segments; other abbreviations as in Table |. 
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512+ statistical package (Brain Power, Inc., Calaba- 
sas, California) was used in association with a MacIn- 
tosh SE computer. 


RESULTS 

Baseline characteristics: Of the 18 patients 290 
years of age (mean age + standard deviation 94 + 4, 
11 women), 11 had myocardial necrosis or fibrosis, or 
both, and 7, who died of noncardiac causes, had no 
gross or histologic evidence of myocardial necrosis or 
fibrosis. Comparisons between patients with and with- 
out infarcts at necropsy revealed similar ages (93 + 3 
vs 95 + 4 years, p = 0.14), gender (7 [64%] vs 4 [57%] 
women, p = 0.78), frequency of a history of systemic 
hypertension (7 [64%] vs 3 [50%], p = 0.59) and fre- 
quency of a history of diabetes mellitus (2 [20%] vs 0, p 
= (0.21). The mean heart weight of the women who 
died from coronary artery disease was significantly 
higher than those who died of noncardiac causes (456 
+ 98 vs 309 + 53 g, p = 0.02), but this difference was 
not found between the small number of men in each 
group (415 + 65 vs 485 + 98 g, p = 0.30). 

Coronary arterial narrowing: Of the 18 patients 
>90 years of age at death, all (100%) had narrowing 
>75% of the luminal cross-sectional area by atheroscle- 
rotic plaque alone of =1 of the 4 major epicardial coro- 
nary arteries: 7 patients (39%) had 3 arteries so nar- 
rowed and 2 had a left main artery narrowed to this 
extent. Patients with infarcts at necropsy had a greater 
mean number of coronary arteries narrowed >75% by 
plaque than patients without infarcts (2.5 + 0.7 vs 1.6 
+ 1.0, p = 0.04), higher percentages of 5-mm coronary 
segments narrowed 76 to 95% in cross-sectional area by 
plaque (p = 0.01) and a correspondingly lower percent- 
age of segments narrowed 26 to 50% (p = 0.03) (Table 
I). The mean percent reduction in luminal cross-sec- 
tional area by plaque for all 5-mm segments of all 4 
major epicardial arteries was significantly greater in 
nonagenarians with, than in those without, infarcts (60 
+ 7 vs 49 + 8%, p = 0.007). Among the 11 patients 


TABLE IlI Comparison of Plaque Composition in 18 Patients 
>90 Years of Age According to the Four Degrees of Luminal 
Cross-Sectional Area Narrowing 


Degrees of CSAN by Atherosclerotic 
Plaque 


0-25% 26-50% 51-75% 76-100% 
Component [25] [249] [345] 


99+3* 95414 85419 71+23 
LES 0+2 l4 
0 1+6 5+10 
0 4412 92417 
Media 35+8 30411 2148 


* Each number represents the mean percentage + standard deviation of plaque 
area occupied by each component for all 5-mm segments of all 4 major epicardial 
coronary arteries in each of the 4 degrees of luminal cross-sectional narrowing. 

t Excludes 20 unpaired segments. 

tł p values for paired comparisons between components of segments narrowed 0 
to 25% and those narrowed 76 to 100%. 

Numbers in brackets are numbers of segments of each degree of narrowing. 

Abbreviations as in Table I. 


p Value* 





with infarcts at necropsy, the mean percent reduction in 
luminal cross-sectional area for all segments of the in- 
farct-related arteries was significantly greater than that 
for all non-infarct-related arteries of each patient (66 + 
11 vs 57 + 9%, p = 0.03). 

Plaque composition: By planimetric analysis of all 
733 five-mm segments of all 4 major epicardial coro- 
nary arteries of patients aged 290 years (by patient), 
irrespective of the degree of luminal narrowing, the 
plaques consisted of fibrous tissue (87 + 8%), foam 
cells (1 + 1%), lipid-rich pultaceous debris (pale-stain- 
ing areas with abundant cholesterol clefts with or with- 
out erythrocytes and inflammatory cells) (5 + 4%) and 
calcific deposits (7 + 6%) (Table I). The mean per- 
centage (for all segments, by patient) of the area 
bounded by the external elastic lamina that is media 
was 24 + 6%. 

Analysis of each of the 4 major coronary arteries 
individually revealed similar plaque composition be- 
tween the 4 arteries (Table II). 

Analysis of plaque composition of all segments ac- 
cording to the 4 degrees of luminal narrowing revealed 
marked step-wise increases in pultaceous debris (from 0 


TABLE IV Comparison of Plaque Composition of Segments Narrowed <75% to Those Narrowed >75% in Cross-Sectional Area in 
Patients 290 Years Old With and Without Myocardial Infarct at Necropsy 


Myocardial Infarct 
+(11) 


FT 


>75% 71,4 15" 2+5 
[84] 


15+16 11411 1847! 


59 + 30 14+2 22 +19 


[30] 


<75% 88 + 8 Q1 4+3 847 2546 92+6 0 3+3 


[359] 


[260] 


p Value 0.003 0.15 0.03 0.19 0.004 0.04 0.02 


* Each number represents the mean percentage + standard deviation of plaque area occupied by each of the 4 plaque components for all 5-mm segments narrowed greater than 
or <75% in cross-sectional area in all 4 major epicardial coronary arteries of patients with or without a myocardial infarct (acute or healed, or both) at necropsy. 


t See Table Il. 


Numbers in parentheses = numbers of patients; numbers in brackets = numbers of segments. 
viations as in Table |. 
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TABLE V Comparison of Plaque Composition of the Infarct- 
Related to Non-Infarct-Related Arteries of Patients >90 Years 
Old with Myocardial Infarct at Necropsy 


Infarct- 
Related 
Artery FT FC PD 


9412 
15+ 22 


Plaque Components 


1+2 66+ 11 


22'5 


9+8 
RETE 


+ All S [169] 
S >75% 
[41] 

0 All S [274] 0 

143 


81+ 12* 
72+25 
10+8 57 +9 
11415 


6+5 
19421 


0.13 0.53 0.75 0.03 


0.67 0.38 0.96 

* Each number represents the mean percentage + standard deviation of plaque 
area occupied by each component listed for all 5-mm segments of the infarct-related 
artery (or segments narrowed >75%) compared (by paired t tests) with segments of 
all non-infarct-related arteries of each patient. 

t Mean percent reduction in luminal cross-sectional area by planimetry. 

Numbers in brackets = numbers of 5-mm coronary segments. 

Abbreviations as in Table I. 


+ 0% at 0 to 25% narrowing to 18 + 22% at 76 to 
100% narrowing, p = 0.0001) and calcific deposits 
(from 0 + 0 to 10 + 15%, p = 0.002), and concomi- 
tant decreases in fibrous tissue (from 99 + 3 to 71 + 
23%, p = 0.0001) and area occupied by the media 
(from 35 + 8 to 16 + 8%, p = 0.0001) (Table III). 
The mean percentage of plaque occupied by pultaceous 
debris was significantly greater in sections narrowed 
>75% in cross-sectional area by plaque than in those 
narrowed <75% (18 + 17 vs 3 + 3%, p = 0.001), and 
the amount of fibrous tissue was correspondingly less 
(67 + 22 vs 89 + 7%, p = 0.0007). The mean percent 
area occupied by the media was also significantly less in 
sections narrowed >75% than in those <75% (17 + 8 
vs 25 + 6%, p = 0.002). These differences in plaque 
composition and medial thickness (by area) between 
sections narrowed more and those <75% were also ap- 
parent when patients with and without infarcts were 
analyzed separately (Table IV). However, when re- 





stricting the analysis to sections narrowed >75%, no 
significant differences were found in plaque compo- 
nents or media between patients with and without in- 
farcts at necropsy (Table I). 

In patients with infarcts, comparisons between the 
infarct-related artery and the noninfarct arteries also 
revealed no significant differences in plaque composi- 
tion whether considering all segments together or re- 
stricting the analysis to sections narrowed >75% (Ta- 
ble V). 


DISCUSSION 

By computerized planimetric analysis of all 5-mm 
segments of all 4 major epicardial coronary arteries, we 
have shown that the predominant component of athero- 
sclerotic plaques in patients >90 years of age at nec- 
ropsy is fibrous tissue. Analysis of the composition ac- 
cording to the 4 degrees of luminal narrowing (0 to 
25%, 26 to 50%, 51 to 75%, 76 to 100%) revealed a 
marked step-wise increase in pultaceous debris and cal- 
cific deposits with increased luminal narrowing, and a 
corresponding decrease in the percentage of plaque oc- 
cupied by fibrous tissue and in the area occupied by the 
media (Table III). With correction for degrees of nar- 
rowing, no differences were found between the compo- 
sition of plaques or thickness of the media in the arter- 
ies of the elderly patients with and without infarcts. 

Comparisons between the composition of plaques in 
the elderly patients with infarcts at necropsy with that 
of 2 populations of younger patients with infarcts at 
necropsy from this laboratory, calculated by the same 
planimetric technique, are presented in Table VI: Fi- 
brous tissue was the dominant component in all 3 pa- 
tient populations, with insignificant differences between 
the 3 whether restricting the analysis to sections nar- 
rowed >75% or to sections narrowed <75%. The per- 


TABLE VI Comparison of Plaque Composition of Patients 90 to 100 Years Old with Those 53 to 68 and 33 to 38 Years Old with 


Myocardial Infarcts at Necropsy 


33-38+ 53-68 
(4) (15) 
[39/108] [153/402] 
(Dollar 

Component 


FT >75% 
<75% 
FC >75% 
<75% 
PD >75% 
<75% 
CD>75% 
<75% 


90-100 
(11) 
[84/359] 


* Each number represents the mean percentage + standard deviation of plaque area occupied by each component for all 5-mm segments narrowed greater than or <75% in 
cross-sectional area by plaque. ; ; 

t pl =p values for comparisons between components of patients >90 with those aged 53 to 68 years; p2 = values for comparisons between patients >90 with those <40 years. 

Numbers in parentheses = numbers of patients; numbers in brackets = numbers of segments [>75% /<75%]. 

Abbreviations as in Table |. 
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centage of plaque occupied by foam cell aggregates rich 
in intracellular lipid, however, was significantly higher 
in patients aged 33 to 38 years with infarcts at necropsy 
_ than in patients 290 years old in sections narrowed 
>75% and in sections narrowed <75%, and was signifi- 
cantly higher in patients aged 53 to 68 years in sections 
narrowed <75%. There were insignificant differences 
in the amounts of lipid-rich pultaceous debris between 
the 3 groups for both categories of narrowing. 

It has been suggested*?:!9.!” that the increase in cal- 
cific deposits in the coronary arteries of elderly patients 
does not correlate with increased luminal narrowing. 
We found that the percentage of plaque occupied by 
calcific deposits does, in fact, increase with increasing 
degrees of luminal narrowing in patients 290 years old 
(Table III), but that the amount of calcium in sections 
narrowed <75% is greater than that found in the lesser 
narrowed sections of the younger patients (Table VI). 
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Cytokinetic Study of Aortocoronary Bypass Vein 
Grafts in Place for Less Than Six Months 


Jun Amano, MD, Akio Suzuki, MD, Makoto Sunamori, MD, Toyohiro Tsukada, MD, 
and Fujio Numano, MD 


To evaluate the initial mechanism involving ath- 


erosclerotic changes of the saphenous vein graft 
implanted for coronary artery revascularization 
in the early stage, immunocytochemical analysis 
was performed to determine the cell components 
and kinetics of saphenous vein grafts. Specimens 
of saphenous vein grafts were obtained from 7 
necropsy patients who died at 4 days to 6 
months after surgery. Monoclonal antibodies 
specific for smooth muscle cells (HHF35) and 
macrophages (HAMS56) were used for analysis of 
the cell components. Migration of macrophages 
into the intima and the media was observed on 
the fourth postoperative day. Intimal thickening 
was characterized by the proliferation of smooth 
muscle cells, and scattered macrophages were 
present in the subendothelial layer 1 month after 
surgery. At 2 months, intimal thickening became 
prominent and macrophages were recognized 
circumferentially throughout the layer. At 5 to 6 
months, some of the saphenous vein grafts were 
almost occluded by severe intimal thickening due 
to proliferation of the smooth muscle cells. Mac- 
rophages were also observed both inside and 
outside of the internal elastic lamina; these are 
rarely found in the artery. These results suggest 
that compared with the arterial graft, cytokine- 
sia of the saphenous vein graft contributes to the 
development of early graft failure because of its 
rapidity in progression and severity. 

(Am J Cardiol 1991;67:1234-1236) 
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utogenous saphenous vein grafts are still con- 
A es bypass graft material because of the 

limited number of arterial grafts for surgically 
treating ischemic heart disease. However, both early 
and late attrition of saphenous vein grafts implanted 
in coronary circulation are much more than arterial 
grafts.'* Although many reports have described the 
late histologic features of the saphenous vein graft im- 
planted in humans, the study of cell components and 
kinetics of these lesions in early stages has not been 
clarified.* The purpose of this study was to characterize 
the development of atherosclerotic changes of the sa- 
phenous vein graft within 6 months after implantation 
by an immunocytochemical method. 


METHODS 

Patients: [n this study, the 7 patients who died with- 
in 6 months after surgery were examined. During nec- 
ropsy a piece of saphenous vein graft and aorta were 
immediately fixed in methanol-Carnoy’s fixative, em- 
bedded in paraffin, and vein grafts were cut transverse- 
ly by 4-y-thick sections. Histologic sections were 
stained with hematoxylin-eosin and azan-Mallory stain- 
ing. Avidin-biotin immunoperoxidase technology with 
nickel chloride color modification was performed using _ 
monoclonal antibodies.* Immunocytochemical studies 
were performed using monoclonal antibodies specific to 
macrophages (HAM56)° and smooth muscle cells 
(HHF35).°’ The numbers of macrophages in each lay- 
er were counted in the high-power field (X 100) and 
expressed as mean + standard deviation. 


RESULTS 

Histologic evaluation: [n the saphenous vein graft 
obtained 4 days after surgery, foam cells were observed 
in the intima and the media, which were not seen in the 
control vein graft (Figure la). At 1 week, focal endo- 
thelial deprivation and increased extracellular matrix in 
the intima were noted. In the saphenous vein grafts im- 
planted for 1 month, mild to moderate focal intimal 
thickening appeared beneath the endothelium. In the 
saphenous vein graft implanted for 2 months, intimal 
thickening became prominent and foam cells were pres- 
ent in the subendothelium and the media. In the saphe- 
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nous vein grafts implanted for 5 to 6 months, intimal 
thickening stenosed the luminal diameter from 50 to 
90%. This intimal thickening was prominent in the ve- 
nous wall near the valve. Foam cells were present be- 
tween the internal elastic lamina and adventitia. 
Immunocytochemical study (Table 1): In the saphe- 
nous vein graft implanted for 4 days, HHF35-positive 
smooth muscle cells were present in the media, and ar- 
ranged in similar fashion as the control veins. The anti- 
body HAMS6 positive macrophages were present in 
the intima and the media (Figure 1b). One week after 
surgery, the small number of smooth muscle cells were 
present in the intima; however, these cells, normally 
present in the media, disappeared. In the saphenous 
vein grafts implanted for 1 month, HHF35-positive 
foam cells were not present and macrophages were 
present in each layer sporadically. The numbers of 
smooth muscle cells and macrophages increased in the 
saphenous vein graft implanted for 2 months; however, 
distribution of these cells were similar to the saphenous 
vein graft implanted for 1 month. In the saphenous vein 









grafts implanted for >5 months, macrophages were 
abundantly and circumferentially present in the media 
and the adventitia (Figure 2a), and in fibrous intimal 
thickening almost all the cells revealed smooth muscle 
cells (Figure 2b). 

In the aortic lesions, HHF35-positive cells and 
HAMS6-positive foam cells were present in the intima 
around the fibrous cap inside of the internal elastic 


TABLE I Summary of Histologic and Immunocytochemical 
Analysis 


Graft in Luminal 
Age(yr) Place Narrowing 
. &Sex (days) (%) 


Macrophage 


Media Adventitia 


166 + 33 0 
142+ 43 29+19 
197 + 47 31 +20 
109 +55 47+5 
121410 96 + 22 
204 + 7 281 +19 
107 + 33 235 + 82 


Numbers of macrophages were counted in the high-power field (magnification X 
100). 
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lamina; however, these cells were not present outside 
the internal elastic lamina. 


DISCUSSION 

This study demonstrated early macrophage recruit- 
ment and intimal thickening due to smooth muscle cell 
proliferation in saphenous vein grafts implanted in the 
coronary circulation with use of monoclonal antibodies. 
Macrophage migration into the subendothelium and 
the media was observed as early as 4 days after implan- 
tation and the number of these cells increased progres- 
sively. Diffuse intimal proliferation of smooth muscle 
cells was also observed at | month after operation and 
it became severe to a different degree for 6 months. 

There are 2 major differences in these cell compo- 
nents and in their distribution between venous grafts 
and atherosclerosis in the artery. First, macrophages 
are observed throughout the venous wall even though 
initial migration of macrophages may be limited within 
the subendothelium and the intima; these are typically 
seen in atherosclerotic lesions in the arterial wall.>:*.? 
Second, although atherosclerotic lesions of the artery 
are eccentric or occurred in lesion-prone areas, lesions 
of the saphenous vein grafts are characterized by the 
concentric proliferation of smooth muscle cells,!0!2 
The possible explanations for the different distributions 
of macrophages between the artery and the vein graft 
may be the difference of location of vascular injury and 
structural difference of the vessel wall. Transplanted 
vein grafts, by necessity, undergo mechanical and met- 
abolic changes by surgical trauma throughout the layer 
compared with the localized intimal lesions of the ar- 
tery.! The thick, dense and multilayer elastic lamina of 
the arterial wall may limit the accumulation of lipids, 
blood constituents and other unwanted substances with- 
in the elastic lamina and also impede macrophages 
from migrating into the media and the adventitia. 
However, thin and sparse elastic lamina of the venous 
wall may allow macrophages to migrate easily into the 
outer layer and may allow smooth muscle cells to mi- 
grate into subendothelial space, resulting in diffuse inti- 
mal thickening. Another cause of intimal thickening 
has been attributed to the natural result of the exposed 
vein to arterial pressure, or the reparative response of 
the vein to the hemodynamic stress of the increased 
pressure or different flow dynamic stress. 1%!3 

The typical findings in this study that fibrous inti- 
mal thickening occurred in all vein grafts implanted af- 
ter 1 month and were surrounded by macrophages cir- 
cumferentially may be another reason why venous 
grafts are unsuccessful compared with arterial grafts. It 
is difficult to determine whether macrophage migration 
precedes smooth muscle cell proliferation or whether 
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macrophages are involved in the lesion formation of the 
vein graft. Recent studies on atherosclerosis have sug- 
gested a critical role for macrophages in regulating 
smooth muscle cell proliferation.'* Results of this study 
showed that macrophages accumulate in the earliest le- 
sions before smooth muscle cell proliferation. The con- 
current observation of diffuse intimal proliferation by 
smooth muscle cells and macrophage migration at | 
month after implantation suggests that interaction of 
these cells may play a major role in atherogenesis of the 
venous graft. This study did not analyze the interaction 
between endothelial cells and blood monocytes, plate- 
lets, leukocytes or lymphocytes, which appear to be oth- 
er mechanisms of atherogenesis. !>:!® 

A new surgical procedure and new drug therapy 
need to be developed to decrease macrophage recruit- 
ment and smooth muscle cell proliferation for preven- 
tion of early vein graft failure. 


REFERENCES 

1. Singh RN, Sosa JA, Green GE. Long-term fate of the internal mammary 
artery and saphenous vein grafts. J Thorac Cardiovasc Surg 1983;86:359-363. 
2. Grondin CM, Campeau L, Lesperance J, Enjalbert M, Bourassa MG. Com- 
parison of late changes in internal mammary artery and saphenous vein grafts in 
two consecutive series of patients 10 years after operation. Circulation 1984; 
70(supp! I):I-208-I-212. 

3. Smith SH, Geer JC. Morphology of saphenous vein-coronary artery bypass 
grafts. Arch Pathol Lab Med 1983;107:13-18. 

4. Hsu SM, Soban E. Color modification of diaminobenzidine (DAB) precipita- 
tion by metallic ions and its application for double immunohistochemistry. J 
Histochem Cytochem 1982;30:1079-1082. 

5. Gown AM, Tsukada T, Ross R II. Immunocytochemical analysis of the 
cellular composition of human atherosclerotic lesions. Am J Pathol 1986;125: 
191-207. 

6. Tsukada T, Tippens DT, Gordon D, Ross R, Gown AM. HHF35, a muscle- 
actin-specific monoclonal antibody. I. Immunocytochemical and biochemical 
characterization. Am J Pathol 1987;126:51-60. 

7. Tsukada T, Rosenfeld M, Ross R, Gown AM. Immunocytochemical analysis 
of cellular components in atherosclerotic lesions. Use of monoclonal antibodies 
with the Watanabe and fat-fed rabbit. Arteriosclerosis 1986;6:601-613. 

8. Ross R, Wight TN, Strandness E, Thiele B. Human atherosclerosis. I. Cell 
constitution and characteristics of advanced lesions of the superficial femoral 
artery. Am J Pathol 1984;114:79-93. 

9. Tsukada T, Tejima T, Amano J, Suzuki A, Numano F. Immunocytochemical 
investigation of atherosclerotic changes observed in aortocoronary bypass vein 
grafts using monoclonal antibodies. Exp Mol Pathol 1988;48:193-205. 

10. Kern WH, Dermer GB, Lindesmith GG. The intimal proliferation in aortic- 
coronary saphenous vein grafts. Light and electron microscopic studies. Am Heart 
J 1972;84:771-777. 

11. Bulkley BH, Hutchins GM. Accelerated “atherosclerosis.” A morphologic 
study of 97 saphenous vein coronary artery bypass grafts. Circulation 1976; 
55:163-169. 

12. Kern WH, Wells WJ, Meyer BW. The pathology of surgically excised 
aortocoronary saphenous vein bypass grafts. Am J Surg Pathol 1981;5:491-496. 
13. Fuchs JCA, Mitchener III JS, Hagen PO. Postoperative changes in autolo- 
gous vein grafts. Ann Surg 1978;188:1-15. 

14. Ross R. The pathogenesis of atherosclerosis. An update. N Engl J Med 
1986;314:41 1-500. 

15. Gerrity RG, Goss JA, Soby L. Control of monocyte recruitment by chemotac- 
tic factor(s) in lesion-prone areas of swine aorta. Arteriosclerosis 1985;5:55-66. 
16. Bevilacqua MP, Stengelin S, Gimbrone Jr MA, Seed B. Endothelial leuko- 
cyte adhesion molecule 1: an inducible receptor for neutrophils related to comple- 
ment regulatory proteins and lectins. Science 1989;243:1160-1165. 


JUNE 1, 1991 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Effects of Postural Changes Versus Exercise on 
the Electrophysiologic Parameters of the 
Accessory Pathway 


Ghazwan S. Butrous, MD, PhD, and A. John Camm, MD 


The electrophysiologic profile of the accessory 
pathway was studied in 17 patients (mean age + 
standard deviation 32 + 14 years) with Wolff- 
Parkinson-White (WPW) syndrome who were ei- 
ther lying down in a supine position, standing, or 
undergoing isometric or dynamic treadmill exer- 
cise. There were significant decreases in the PP 
interval after isometric exercise, standing and 
dynamic exercise (supine 764 + 224, standing 
638 + 146, isometric 605 + 170, treadmill 455 
+ 86 ms; p <0.05). Both anterograde and retro- 
grade accessory pathway refractory periods 
were measured after a constant drive of 400 ms 
during lying down supine, standing and isometric 
and treadmill exercise (Bruce protocol stage Il). 
There was no significant decrease in the antero- 
grade accessory pathway refractory period dur- 
ing isometric exercise (lying down 265 + 22 to 
isometric exercise 256 + 13 ms, p <0.05), but 
there were significant decreases (p <0.05) dur- 
ing standing (246 + 24 ms) and treadmill exer- 
cise (235 + 17 ms). The retrograde accessory 
pathway refractory period also showed a signifi- 
cant decrease (supine 272 + 16, isometric 267 
+ 23, standing 249 + 15, treadmill 237 + 17 
ms; p <0.05). The relative change in refractory 
periods was greater when patients changed from 
lying down to standing than when they changed 
from standing to treadmill exercise, despite obvi- 
ous higher adrenergic neuronal activities during 
exercise. These findings suggest that testing the 
accessory pathway during free standing can give 
a reliable indication of the sensitivity of the ac- 
cessory pathway to sympathetic stimulation. 
Further increase in sympathetic stimulation, as 
judged by increases in the sinus rate, does not 
cause proportional reduction in the refractori- 
ness of the accessory pathways. 
(Am J Cardiol 1991;67:1237-—1244) 
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exercise*-* or postural changes? may decrease 

the refractory periods of accessory pathways. 
These studies add an important dimension to the evalu- 
ation of risk in patients with overt Wolff-Parkinson- 
White (WPW) syndrome. In the present study we eval- 
uated the degree of changes in the refractory periods of 
the accessory pathway to postural change and to 2 
types of exercise (static [handgrip] and dynamic [tread- 
mill]). The clinical significance of these observations are 
discussed. 


P revious studies have shown that catecholamines, ! 


METHODS 

Patients: Seventeen patients with WPW syndrome 
(13 men) aged 17 to 71 years (mean + standard devi- 
ation 32 + 14 years) were enrolled in this study. Pa- 
tients were chosen for this protocol provided that fast 
atrial fibrillation was absent. In the later part of the 
study, patients with accessory pathway anterograde re- 
fractory periods limited by atrial refractoriness were 
also excluded. 

Study protocol: After a routine clinical electrophysi- 
ologic study, 2 intracardiac electrodes that had been 
introduced via the subclavian vein were left in the right 
ventricular apex and coronary sinus or right atrial ap- 
pendage. In 9 patients with type A WPW syndrome (7 
patients with a free left lateral accessory pathway and 2 
with left paraseptal position), a quadripolar electrode 
catheter (USCI 6Fr) was left in the coronary sinus and 
a hexapolar (USCI 8Fr) electrode catheter was posi- 
tioned in the right ventricular apex. In 8 patients with 
type B WPW syndrome (right or right paraseptal posi- 
tion) a bipolar electrode catheter was left in the right 
atrial appendage and a hexapolar electrode was posi- 
tioned in the right ventricular apex. These electrode 
catheters were used during the period 12 to 48 hours 
after the original study to investigate the effect of pos- 
tural changes and exercise on the electrophysiology of 
the accessory pathway. The same atrial or ventricular 
basic pacing rate (average 400 ms) was used in all the 
physiologic maneuvers of this study. Atrial stimulation 
was performed as closely to the insertion of the accesso- 
ry pathway as possible. 

Measurement: The following measurements were 
performed: (1) heart rate (PP interval) (average of 10 
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consecutive beats); (2) anterograde effective refractory 
period of the accessory pathway using the atrial extra- 
stimulus technique®; (3) retrograde effective refractory 
period of the accessory pathway using the ventricular 
extrastimulus technique®; (4) ventriculoatrial conduc- 
tion time via the accessory pathway. This was mea- 
sured from the beginning of the ventricular complex to 
the beginning of the atrial complex resulting from ret- 
rograde conduction via the accessory pathway as as- 
sessed during constant ventricular pacing. Conduction 
via the accessory pathway was validated by assessing 
the sequence of 2 different atrial electrograms (usually 
coronary sinus and high right atrium). This technique 
was particularly useful with left-sided accessory path- 
ways. The nondecremental nature of retrograde con- 
duction through an accessory pathway’ was also a use- 
ful differential feature. The ventriculoatrial conduction 
time of the accessory pathway was also evaluated dur- 
ing orthodromic atrioventricular reentrant tachycardia. 
In this instance, the atrioventricular time represents the 
anterograde conduction via the atrioventricular node 
and the ventriculoatrial conduction time represents con- 
duction to the atrium via the accessory pathway. 

The aforementioned measurements were performed 
in 4 physiologic situations: (1) Lying in a supine posi- 
tion: The measurements were performed after >15 
minutes of lying down flat. Patients were asked to relax 
and breathe normally during the study. (2) Isometric 
exercise: While the patient was in the supine position, 
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handgrip exercise was performed using the Harpenden 
handgrip dynamometer (British Indicator Ltd, Herts). 
This exercise was performed with the patient in the re- 
cumbent position. The subject was asked to perform the 
handgrip, at 30% of maximal voluntary contraction for 
3 to 5 minutes. The subject was usually instructed to 
breathe normally and to avoid performing a Valsalva- 
like maneuver during the exercise. The stimulation pro- 
tocol began 2.5 minutes into the exercise. If there was 
not enough time to complete the study, the patient was 
then asked to relax for 15 minutes and the handgrip 
was repeated with the same hand. (3) Standing posi- 
tion: After isometric exercise, the patient was allowed 
to relax for 15 minutes before being asked to stand. 
The method of free standing was used in this study. 
Each subject was asked to stand up freely and system- 
atically by first sitting up, then putting the legs down 
and then gently standing up. The stimulation protocol 
was then repeated after 5 minutes of standing. (4) 
Treadmill exercise: This exercise was performed on a 
Quinton treadmill (Quinton Instrument). The treadmill 
was programmed to run at a speed of 2.5 miles/hour 
with a gradient of 12% (equivalent to stage II of the 
modified Bruce treadmill protocol). The stimulation 
protocol was performed during exercise, either 5 min- 
utes after exercise or when the heart rate had reached 
130 beats/min, whichever occurred earlier. 

Data analysis: The differences in the measurements 
between individual cases in different physiologic situa- 


FIGURE 1. Changes in the PP interval 
during lying down in the supine position, 
isometric exercise, free standing and 
treadmill exercise. * p <0.05. 


* 
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tions were evaluated. The arithmetic means and | stan- 
dard deviation were used to measure the central ten- 
dency of the data. The proportion was expressed as a 
percentage. Pearson’s correlation coefficient and least- 
squares linear regression analysis were used for assess- 
ment of the relation between data. Paired Student’s 1 
tests were used as appropriate. The differences were 
considered statistically significant at p <0.05. 


RESULTS 

PP interval: There was a significant decrease in the 
PP interval on isometric exercise, standing and tread- 
mill exercise, compared with that on lying down in the 
supine position (Figure 1). 

Anterograde properties of the accessory pathway: 
LYING POSITION: The anterograde effective refractory pe- 
riod of the accessory pathway could be defined accu- 
rately in 11 patients using the extrastimulus technique 
(Figure 2). An atrial drive cycle length of 400 ms was 
used, except in 3 patients; in 1, a drive cycle length of 
350 ms was used because of a brisk increase in heart 
rate on standing; in 2, a drive cycle length of 450 ms 
was used because the anterograde effective refractory 
period was limited by atrial refractoriness, with a drive 
cycle length of 400 ms. In another 2 patients, the anter- 
ograde effective refractory period was too long to be 
determined by pacing techniques (the shortest RR in- 
terval showing preexcitation during sinus rhythm was 
>500 ms). In 4 patients, the anterograde effective re- 
fractory period was limited by atrial refractoriness. In 
all 11 patients, the anterograde effective refractory pe- 
riod of the accessory pathway ranged between 240 and 
300 (264 + 22) ms. 









Ant. AP RP 
(ms) 







FIGURE 2. Changes in the anterograde ef- 
fective refractory periods of the accessory 
pathway after standing and during tread- 
mill exercise (left panel) and during iso- 
metric exercise (right panel). Ant. AP RP 
= accessory pathway anterograde effec- 
tive refractory period. 
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ISOMETRIC EXERCISE: In 2 patients, the anterograde 
effective refractory period of the accessory pathway 
was limited by the atrial refractory period during iso- 
metric exercise. In the rest of the patients, the antero- 
grade effective period of the accessory pathway during 
isometric exercise ranged between 240 and 275 (256 + 
13) ms (Figure 2); this was not statistically different 
compared with lying down in the supine position. 

POSTURAL CHANGES: Standing caused a significant 
shortening in the anterograde effective refractory period 
of the accessory pathway compared with lying down in 
the supine position (246 + 24 ms, p <0.005). This 
shortening was mainly observed in 8 patients (Figures 2 
and 3). In 2 of the 3 patients who were not affected, 
the anterograde effective refractory period at rest was 
240 and 260 ms. The change, compared with the su- 
pine position, varied from 0 to 55 ms (0 to 18%). There 
was no correlation between the degree of change after 
standing and the anterograde effective refractory period 
while patients were lying down in the supine position (r 
= 0.36). 

TREADMILL EXERCISE: T wo patients declined to under- 
go treadmill exercise. In 1, the measurement of the an- 
terograde effective refractory period became impossible 
because preexcitation disappeared on pacing. On aver- 
age, there was a 4% decrease in the anterograde effec- 
tive refractory period of the accessory pathway during 
treadmill exercise, compared with the standing values 
(246 + 17 to 238 + 18 ms, p <0.05) (Figure 2). There 
was a significant correlation (r = 0.7, p <0.05) (y = 
—174 + 0.75x) between the change in the accessory 
pathway anterograde effective refractory period during 
exercise compared with the lying-down position. In 1 


Ant, AP RP 
(ms) 


gap 

a r aa 
ay 

ER meee 


Lying Isometric 
exercise 


Treadmill 
exercise 


Lying Standing 






ACCESSORY PATHWAY 1239 


She See eae ae Oe O. 


ee SP ee kee Beem SS 


eS Sy ae 


ae 


ee ee Pe) eg = 


eae ne rn te ee ns Behe MA OR OE Ged Oe ee OS nd aed) ae 


C Yy b 


milii 


TEEN EOS. A ae ee n SN 24 


v 
SH - 


<a>. 


81 A1 $1 vk 81 at 82 Hom s At $1 AI $1 Al $2 A2 — 


— 
Pcs. cae ARETE me — m— r— ae Baa xe , 
[ee E EN s ————_— į incr a aE See 
8181 400 me A1A2 275 me A1A2 270 ms 


E ce ee Daerah HH E Tc 2 
‘Says eee AAE T Soi- 


Lying 


f wos. 
81 AI 81 At 82 A2 i $1 At $1 Al $2 z 


AlA2 265 ms = 





Isometric exercise 


$1 Al 81 A1 s2 ae 81 A1 81 at 8? A2 p 


| 8181 400 me ` i AIA2 \ | AIAR 290me  ,' al i 
rs y— v y PEC es Pain cle RE 


\ 








J oa [ Standing |] Ya Kure ea 


81 Al 81 Al 82 A2 81 AI 81 a 82 y — mm- 
*, 
AtA2 230me | 
AIA 296 me i \ 


` i beer 44 ry 
R ʻ i 1^ 1 i F ani = 
PCS ee re as aaa 7 gamer, \ ere iii m~ = pa \ Pa ay A | a Pi ae 


A el 
ae 


v1 





By Pe a 
e a Pel alate 


i | , ` Pa : 
Te ga a) aw KY Rasa $ AN 
| Treadmill exercise | 






FIGURE 3. Electrophysiologic traces reveal the changes in the accessory pathway anterograde effective refractory period during 
Wane Sos eee isometric and treadmill exercise. Pacing was performed with distal coronary sinus electrodes. AVF = sur- ~~? 
face electrocardiographic lead aVF; HRA = high right atrium; | = surface electrocardiographic lead l; PCS = proximal coronary 

sinus; T = tachycardia; V1 = surface electrocardiographic lead V;. 
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FIGURE 4. Changes in the ret- Retro AP RP 
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riods of the accessory pathway 
after standing and during tread- 
mill exercise (left panel) and 
during isometric exercise (right 
panel). Retro AP RP = accesso- 
ry pathway retrograde effective 
refractory period. 
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patient, it became possible to measure the anterograde measured by pacing, only 1 showed a decrease in the 
effective refractory period of the accessory pathway shortest RR interval between preexcited beats (lying- 
during treadmill exercise (220 ms), although it was down position 550 ms, isometric exercise 540 ms, 
originally limited by atrial refractoriness (<270 ms). standing 340 ms, treadmill exercise 300 ms). It was not 

In the 2 patients in whom the anterograde effective possible to measure 2 consecutive preexcited beats by 
refractory period of the accessory pathway could not be the pacing technique in the second patient. 


8181 300 me 8182 zr me 


FIGURE 5. Electrophysiologic traces reveal the changes in the accessory pathway retrograde effective refractory period during 
lying down, standing, isometric and treadmill exercise. intracardiac recordings and pacing were obtained with hexapolar elec- 
trodes. Notice that the jump in the retrograde conduction in the panels to the right suggest conduction via the atrioventricular 
node, which was improved during standing and treadmill exercise. The echo beat after that (during lying down and isometric ex- 
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The retrograde properties of the accessory path- 
Way: THE RETROGRADE EFFECTIVE REFRACTORY PERIOD: In 
this part of the study, the same drive cycle lengths were 
used as specified earlier. In 2 patients, the retrograde 
effective refractory period was limited by ventricular re- 
fractoriness and in | patient there was no retrograde 
conduction via the accessory pathway while lying down 
in the supine position. The rest of the patients showed 
evidence of conduction via the accessory pathway and 
the retrograde effective refractory period in the supine 
position, ranged between 250 and 300 (272 + 16) ms. 

ISOMETRIC EXERCISE: During isometric exercise there 
was no significant decrease in the retrograde effective 
refractory period (267 + 23 ms). In 4 patients, how- 
ever, the retrograde effective refractory period of the 
accessory pathway increased >10 ms during isometric 
exercise (Figures 4 and 5). 

POSTURAL CHANGES: With standing, the retrograde 
effective refractory period decreased significantly to 
249 + 15 ms (p <0.02). In the 2 patients with the 
shortest effective refractory periods while in the supine 
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position (255 and 265 ms), there was no decrease. The 
proportion of decrease was between 5 to 20%. There 
was a significant correlation between the decrease in 
the retrograde effective refractory period of the accesso- ‘ 
ry pathway and the original value of the supine position 
(r = 0.7, p <0.02). The higher the effective refractory 
period the greater the decrease (y = —187 + 0.8x). 

TREADMILL EXERCISE: There was a further significant 
decrease in the retrograde effective refractory period of 
the accessory pathway during treadmill exercise, com- 
pared with standing (238 + 16 ms) (p <0.05) (Figures 
4 and 5). The proportion of decrease ranged between 0 
and 23% (14 + 7%). There was a good correlation be- 
tween the difference in the effective refractory periods, 
compared with supine position values (r = 0.63, 
p<0.05). The slope was positive (y = —145 + 0.7x). 

The accessory pathway retrograde conduction 
time: The ventriculoatrial conduction time as measured 
during constant rate ventricular pacing showed no sig- 
nificant changes during any of the physiologic maneu- 
vers used in this study. 
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ercise) is probably due to conduction via a fast pathway in the atrioventricular node. AVF = surface electrocardiographic 
electrocardiographic lead l; LRA = low right atrium; V1 = surface electrocardio- 


aVF; HRA = high right atrium; | = surface 
graphic lead V;; V6 = surface electrocardiographic lead V2. 
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Although tachycardia initiation was not a part of 
the protocol, tachycardia was initiated by pacing during 
anterograde or retrograde studies in 10 patients in the 
 lying-down position (59%), in 7 during isometric exer- 
cise (44%), in 10 on standing (59%), and during tread- 
mill exercise in 10 of 12 patients (67%). Tachycardia 
was of the orthodromic atrioventricular reentrant type 
in all patients. The tachycardia cycle length showed a 
significant decrease during standing (344 + 88 to 313 
+ 74 ms) or treadmill exercise (283 + 69 ms). This 
decrease was mainly due to the increase in conduction 
via the atrioventricular node. There were no significant 
changes in the ventriculoatrial conduction time (via the 
accessory pathway), except in 1 patient, when the ven- 
triculoatrial conduction time shortened. 


DISCUSSION 
The role of sympathetic tone in accessory pathway 
anterograde conduction: There was significant shorten- 
ing of the accessory pathway anterograde effective re- 
fractory periods on standing and during dynamic 
(treadmill) exercise. Frank et al? found that the antero- 
grade effective refractory period of the accessory path- 
way shortened in 7 patients with WPW syndrome dur- 
ing ergometric exercise. In another 2 studies,** the ef- 
fect of dynamic exercise (bicycle ergometer) on the 
shortest RR interval between preexcited complexes dur- 
ing atrial fibrillation or rapid atrial pacing were investi- 
gated. In the first study, which involved 10 patients, a 
significant shortening of this interval was reported dur- 
ing exercise, whereas in the second study, which in- 
volved 14 patients, exercise had no affect on the RR 
intervals between preexcited complexes. Both studies, 
however, used similar techniques of maximal bicycle er- 
= gometer exercise that continued until terminated by pa- 
tient fatigue. Recently, Reiter and Mann’ showed that 
head-up tilt enhances the anterograde and retrograde 
accessory pathway refractory periods in 19 patients 
with WPW syndrome. In this study, we show a signifi- 
cant shortening (up to 18%) of the anterograde acces- 
sory pathway effective refractory period on standing 
compared with lying down supine. The changes during 
the lying-down position were observed mainly in acces- 
sory pathways with effective refractory periods >240 
ms. The relative shortening of the anterograde effective 
refractory period of the accessory pathway was greater 
on standing compared with lying down, than was the 
effect of the treadmill exercise compared with the 
standing values. It may be argued that the level of exer- 
cise in this study was insufficient to produce profound 
changes. It is obvious that the proportion of changes in 
_ the PP interval (Figure 1) during the level of treadmill 
exercise in this study was much higher than during 


standing, suggesting a relatively higher increase in the 
sympathetic activity. This is either because sympathetic 
stimulation is more effective in decreasing the accessory 
pathway refractoriness in the presence of some para- 
sympathetic activity? or because the initial value of the 
refractory period determines the changes in refractori- 
ness. ! 

There was some correlation between the antero- 
grade effective refractory period of the accessory path- 
way at rest and the amount of change occurring during 
exercise (r = 0.7). Wellens et al! reported that isopro- 
terenol shortened the anterograde effective refractory 
period of the accessory pathway in 6 of 7 patients stud- 
ied and that the shortening was greater at larger effec- 
tive refractory period values. This correlation seems to 
depend mainly on the level of sympathetic activities, as 
it was only significant at higher sympathetic stimula- 
tion during dynamic exercise. 

In most patients static (isometric) exercise did not 
affect the effective refractory period of the accessory 
pathway. Physiologic changes with static exercise differ 
considerably from those with dynamic exercise. The 
mechanism of cardiovascular response to static exercise 
is not well understood, but withdrawal of parasympa- 
thetic stimulation may be responsible for some cardiac 
events during this type of exercise, and sympathetic 
stimulation makes a later contribution.!°-'* Therefore 
unmasking the sympathetic tone by isometric exercise 
was not enough to shorten the effective refractory peri- 
od of the accessory pathway, and some degree of sym- 
pathetic stimulation may also be needed. 

Accessory pathway retrograde conduction: The 
changes of retrograde refractory periods were generally 
to the degree of that of anterograde refractoriness. 
Standing, treadmill exercise or isometric exercise could 
not induce any significant differences in the retrograde 
conduction time during constant ventricular pacing or 
during reentry tachycardia. Shortening of the tachycar- 
dia cycle length was therefore due to the decrease in the 
anterograde conduction time via the atrioventricular 
node. These findings support the findings of previous 
investigators.° 

Study limitations: Selection of the patients for this 
study was biased. Patients who were considered at high 
risk clinically were not studied because it was difficult 
to gain any relevant information when the accessory 
pathway effective refractory period was <200 ms. Pa- 
tients in whom the anterograde or retrograde effective 
refractory periods could not be assessed because of limi- 
tation by atrial or ventricular refractoriness were un- 
suitable. 

Clinical implications: Sympathetic stimulation is 
considered to be an important factor in the regulation 
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of the electrophysiologic function of accessory path- 
ways; it should be considered in the assessment of risk 
in patients with WPW syndrome. We have shown that 
sympathetic stimulation has no additive effect and may 
depend on the presympathetic stimulation value of the 
accessory pathway. Testing the accessory pathway dur- 
ing free standing can give a reliable indication of the 
degree of sensitivity of the accessory pathway to sympa- 
thetic stimulation. Dynamic exercise may not be neces- 
sary and can be potentially hazardous, particularly in 
patients with short refractory periods. Isometric exer- 
cise is not useful despite it being more convenient to 
perform during electrophysiologic studies. 
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CONGESTIVE HEART FAILURE 


Influence of Left Ventricular Diastolic Filling on 
Symptoms and Survival in Patients with 





Decreased Left Ventricular Systolic Function 


lan P. Clements, MD, Manuel L. Brown, MD, Alan R. Zinsmeister,PhD, 
and Raymond J. Gibbons, MD 


The relation between left ventricular (LV) filling 


variables measured by gated blood pool radionu- 
clide ventriculography and clinical symptoms and 
survival was examined in 93 patients who had 
decreased LV systolic function. The diastolic 
data were not significantly associated with clini- 
cal symptoms. Time to peak filling rate, peak fill- 
ing rate and ejection fraction were associated in- 
dependently with survival free of cardiac death 
(chi-square = 7.74, 5.91 and 3.92, respectively, 
by stepwise Cox regression analysis). A short 
time to peak filling rate or increased peak filling 
rate was associated with decreased survival, 
whereas the opposite indicated a good progno- 
sis. One-year Kaplan-Meier survival was 73 and 
98% when time to peak filling rate was below or 
above the median value of 167 ms, respectively, 
82 and 90% when peak filling rate was above or 
below the median value of 1.67 end-diastolic vol- 
umes per second, respectively, and 76 and 95% 
when LV ejection fraction was below or above 
the median value of 0.35, respectively. Thus, fill- 
ing variables (time to peak filling rate and peak 
filling rate) measured by radionuclide ventric- 
ulography may be valuable in predicting survival 
in patients with decreased LV systolic function. 
(Am J Cardiol 1991;67:1245-1250) 
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diac disease and decreased systolic function are 

only partially elucidated.! Diminished left ven- 
tricular (LV) ejection fraction has been identified as 
having prognostic value in determining long-term sur- 
vival in patients with heart failure with or without coro- 
nary artery disease,*? although some studies have failed 
to demonstrate a relation between ejection fraction 
and survival.*° Increasing severity of symptoms,>° de- 
creased exercise capacity,’ increased plasma norepi- 
nephrine levelsë and hyponatremia? all have been asso- 
ciated with decreased survival in patients with con- 
gestive heart failure. Abnormalities of LV diastolic 
function in the absence of LV systolic dysfunction in 
patients with hypertrophic and hypertensive cardiomy- 
opathy may explain symptomatic dyspnea.!®!! The 
clinical significance of the frequently found LV diastol- 
ic filling abnormalities associated with decreased LV 
systolic function!* is unclear. This study explores the 
relation between measurements of LV diastolic filling 
in patients with decreased LV systolic function and 
their symptoms and survival. 


T he determinants of survival in patients with car- 


METHODS 

Patients: [n patients undergoing radionuclide ven- 
triculography at rest at the Mayo Clinic, both systolic 
and diastolic LV function are examined routinely. Pa- 
tients with an LV ejection fraction <0.50 were consid- 
ered to have decreased systolic function. All 109 pa- 
tients with decreased systolic function found by radio- 
nuclide ventriculography at rest between February 
1987 and June 1988 were reviewed for inclusion in the 
study; 16 patients were excluded from analysis (11 with 
neoplastic disease and 5 with bioprosthetic valves). This 
left a final study group of 93 patients. 

The clinical characteristics of these 93 patients re- 
corded at the time of radionuclide ventriculography in- 
cluded age, gender, cardiac pathology, pattern of angi- 
na (Canadian Cardiovascular Society classification), 
pattern of dyspnea (New York Heart Association clas- 
sification ), clinical evidence of LV failure (Killip class) 
and medications. 
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Follow-up: Follow-up data were obtained from 89 of 
the 93 patients (96%) by mailed questionnaires. The 
median follow-up interval of survivors was 19.7 months 
with a maximum of 27 months. The corresponding in- 
tervals for nonsurvivors were 3 and 16.8 months, re- 
spectively. Four patients could not be contacted. The 
cause of death was confirmed by blinded review of the 
patient’s death certificate or, if necessary, discussion 
with the patient’s physician. Death was considered to 
be cardiac-related if both the primary and secondary 
causes of death listed on the death certificate directly 
implicated the heart as a cause of death. When only a 
single cause of death was listed, the death was consid- 
ered to be cardiac-related if cardiac disease was noted 
as the cause of death. In all other circumstances, the 
death was considered noncardiac. 

Radionuclide ventriculography: LV ejection fraction 
at rest was measured from blood pool images obtained 
by conventional consecutive R-wave gating in the left 
anterior oblique (“best-septal”) view. A gamma cam- 
era (Picker International or General Electric) was used 
and the images were stored and processed on a dedicat- 
ed computer (A?, Medical Data Systems). Operator- 
interactive software (A?, Medical Data Systems) 
detected the edges of the LV region of interest, deter- 
mined background correction and calculated LV ejec- 
tion fraction. 

Filling and emptying variables: As previously de- 
scribed,'? an additional best-septal left anterior oblique 
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acquisition was obtained over a 10-minute period with 
the gate triggered by every other R wave (alternate R- 
wave gating) and with 56 frames in the interval be- 
tween consecutive gating signals. This acquisition, pro- ` 
cessed in the standard manner, produced a time-activi- 
ty curve that encompassed 2 composite cardiac cycles. 
Filling and emptying points were identified on the first 
of these composite cycles (Figure 1). 

The following LV filling variables were measured. 
The filling duration was defined as the interval between 
the end of LV emptying and the end of LV filling. The 
time to peak filling rate was the interval between the 
end of LV emptying and the point of the peak filling 
rate. The peak filling rate was the maximal value of the 
first derivative of the time-activity curve in the rapid 
filling period, expressed in end-diastolic volumes per 
second. LV volumes were calculated from a previously 
derived relation between LV activity and volume. !4 The 
first-half filling fraction was the fraction of the stroke 
volume (activity ) filled during the first half of the filling 
period. The filling phases were identified as described, !? 
and the duration of each phase was measured. The 
fraction of the filling duration that each phase occupied 
was determined and the fractions of the stroke volume 
filled in the rapid, slow and atrial filling phases were 
estimated. Normal values and reproducibility of time to 
peak filling rate, peak filling rate, and first-half filling 
fraction determined by using this method have been de- 
scribed 15:16 


i 
End of filling 
~ Onset of 
atrial filling 

FIGURE 1. Smoothed left ventricu- 
lar time-activity curve obtained 
from a study patient. Relevant 
points are indicated on emptying 
and filling portions of the curve 
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TABLE I Prognostic Model: Variables 


Age Emptying duration 

Gender Peak emptying rate 

Angina Time to peak emptying rate 
Dyspnea Filling duration 

Killip class Peak filling rate* 

Time to peak filling rate* 
First-half filling fraction 
Rapid filling duration 

Rapid filling duration fraction 
Rapid filling fraction 

Atrial filling fraction 


* p <0.05 on univariate analysis (adjusted for left ventricular ejection fraction). 
LV = left ventricular. 


Pathology 

Heart rate 

Systolic blood pressure 
LV end-diastolic volume 
LV end-systolic volume 

LV ejection fraction* 


Four emptying characteristics of the left ventricle 
were determined. LV ejection fraction was measured as 
previously described. The peak emptying rate was the 
maximal negative value, in end-diastolic volumes per 
second, of the first derivative of the emptying curve. 
The interval between the onset of emptying and the 
point of peak emptying was the time to peak emptying 
rate. The interval between the onset of emptying and 
the end of emptying was the emptying duration. 

Statistical analysis: The association of LV systolic 
emptying and diastolic filling measurements with 
symptoms and clinical history at the time of initial ex- 
amination was assessed by using logistic regression 
analysis. Cox stepwise proportional-hazards analysis 
was used to determine which of 22 clinical and radionu- 
clide variables (Table I) were independently associated 
with survival. Noncardiac deaths were censored at the 
time of death. Resting LV ejection fraction, the stratifi- 
cation variable, was included in all models because of 
its known association with survival. Variables that inde- 
pendently predicted time to cardiac death were used to 
define risk groups based on the median value of the 
variable, and Kaplan-Meier survival curves were gener- 
ated to summarize survival for each risk group. 


RESULTS 

Patient characteristics and radionuclide ventric- 
ulography: Table II summarizes the clinical character- 
istics of the 93 study patients at the initial assessment. 
No patient had clinically significant left-sided valvular 
dysfunction. 

Time to peak filling rate ranged from 31 to 420 ms 
(mean + standard deviation 184 + 74 ms), indicating a 
spectrum of LV diastolic filling. In 23 patients, time to 
peak filling rate was <135 ms (the 10th percentile for 
normal hearts) and in 31 patients it was 2212 ms (the 
90th percentile for normal hearts). Two curves from 
each quartile of time to peak filling rate (Figure 2) 
illustrate this spectrum of diastolic filling. The peak fill- 
ing rate tended to be low in this population (1.86 + 
0.68 end-diastolic volumes per second); 73 of the 93 





TABLE Il Characteristics of 93 Patients at Initial Assessment 


















Age (years, mean + SD) 64+ 12 
Sex (% men) 63 
Pathologic conditions (%) 
Coronary artery disease 72 
Hypertensive cardiomyopathy 8 
Idiopathic cardiomyopathy (dilated 10, 13 
nondilated 2 patients) 
Indeterminate 7 
Angina (% by class)* 
0 76 
1 2 
2 11 
3 5 
4 6 
Dyspnea (% by class)? 
1 57 
2 13 
3 16 
4 14 
Left heart failure (% by class)* 
1 63 
2 1 
3 34 
4 2 
Medications (% using) 
B-adrenergic blockers 20 
Calcium antagonists 40 
Angiotensin-converting enzyme inhibitors 25 
Digoxin 36 
Diuretics 50 
Nitrates 


Antihypertensive agents 






* Canadian Cardiovascular Society classes. 
t New York Heart Association classes. 

* Killip classes. 

SD = standard deviation. 


patients had a peak filling rate <2.37 end-diastolic vol- 
umes per second (the 10th percentile for normal 
hearts ). 

Logistic regression analysis did not detect any asso- 
ciation between patient characteristics—including the 
presence of dyspnea, heart failure, or medications at 
initial assessment—and the radionuclide ventriculo- 
graphic findings (including measures of LV diastolic 
filling). 

Follow-up analysis: Of those 89 patients in whom 
follow-up was obtained, 22 died during follow-up. For 
the purpose of analysis, the 1 surviving patient who un- 
derwent cardiac transplantation was considered to have 
had a cardiac death at the time of transplantation. Fif- 
teen patients were considered to have had cardiac 
deaths and 8 had noncardiac deaths. 

Of the 22 variables examined, only 3—time to peak 
filling rate, peak filling rate and LV ejection fraction— 
were individually associated with cardiac mortality. By 
forward stepwise and backward elimination analysis, 
time to peak filling rate and peak filling rate provided 
significant independent prognostic information, in addi- 
tion to this stratification variable, LV ejection fraction 
at rest (Table III). A prolonged time to peak filling rate 
or a decreased peak filling rate indicated a good prog- 


DIASTOLIC FILLING AND SURVIVAL 1247 





F 
* 
x 
" 
| 
‘ 
` 
4 


yr 
ge ar] 


ed OAT 


2 TE OS 


iwon ts OD el Se Se oe L 


TABLE Ili Prognostic Model: Independent Predictors* 


Predictor Chi-Square p Value 


7.74 0.005 
5.91 0.02 
3.92 0.05 
* Chi-square value with 1 degree of freedom from the Cox regression analysis with 
these 3 variables in the model. 
LV = left ventricular. 


Time to peak filling rate 


Peak filling rate 
LV ejection fraction 


nosis, whereas the converse was associated with a bad 
prognosis. 

Kaplan-Meier estimates of survival curves for the 
patients were constructed separately for each of the 3 
variables included in the predictive model, depending 
on whether the variable value was = or < the median 
value of the variable. The median values were 0.35 for 
LV ejection fraction, 167 ms for time to peak filling 
rate, and 1.67 end-diastolic volumes per second for 
peak filling rate. 

These curves (Figure 3) indicate that, in patients 
with LV ejection fraction <0.50, 1-year survival free of 
cardiac death was 95% when LV ejection fraction was 
20.35, 98% when time to peak filling rate was = 167 
ms, and 90% when peak filling rate was <1.67 end- 
diastolic volumes per second. However, when LV ejec- 
tion fraction and time to peak filling rate were below 
and peak filling rate was above their respective median 
values, 1-year survival free of cardiac death was 76, 73 
and 82%, respectively. 


End-diastolic volume 


300 600 900 0 





EF=0.17 
TPFR = 145 
PFR= 1.37 


300 600 900 0 


To illustrate the relative value of time to peak filling 
rate and LV ejection fraction, patients were divided 
into 3 groups based on LV ejection fraction: <0.20, 
0.21 to 0.35 and >0.35 (Figure 4). In patients with LV 
ejection fraction 0.21 to 0.35, those who died a cardiac 
death or underwent cardiac transplantation (9 patients) 
had a lesser time to peak filling rate (118 + 32 vs 207 
+ 86 ms) than those who survived or died a noncardiac 
death (27 patients), whereas ejection fraction was simi- 
lar (0.27 + 0.03 vs 0.29 + 0.05). 


DISCUSSION 

Studies of patients with congestive heart failure 
have shown that the worse the evidence of congestive 
heart failure based on symptomatic or clinical assess- 
ment the worse is the prognosis.*'”!8 The present study 
did not demonstrate an association between outcome 
and either the severity of dyspnea or the clinical signs of 
LV failure. This difference may be related to the use of 
LV ejection fraction <0.50 rather than the presence of 
congestive heart failure as the selection criterion for the 
study. Also, many patients in this study were taking 
multiple cardiac medications, which may have amelio- 
rated symptoms or signs of heart failure. 

Although LV diastolic filling abnormalities are 
common in patients with decreased LV systolic func- 
tion,'? this report is the first to relate LV diastolic fill- 
ing assessed by radionuclide ventriculography to prog- 
nosis in these patients. The present study indicated that 


EF =0.46 
TPFR = 260 
PFR = 2.21 
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FIGURE 2. Two time-activity curves selected from each quartile of time to peak filling rate. Values for left ventricular ejection 
fraction (EF), time to peak filling rate (TPFR, ms) and peak filling rate (PFR, end-diastolic volumes per second) are shown for 
patients. 


these 
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time to peak filling rate was quite variable in patients 
with LV ejection fraction <0.50. Survival was the 
worst in patients with the shortest time to peak filling 
rate rather than in those with a long time. Peak filling 
rate was also related to survival but not as strongly as 
time to peak filling rate. An increased peak filling rate 
was associated with an adverse outcome. 

A number of mechanisms may account for these 
findings. Increased left atrial pressure may be a deter- 
minant of early rapid filling.'!? Mitral regurgitation is 
associated with augmentation and more rapid comple- 
tion of early LV filling as documented by Doppler 
echocardiography.7? An additional mechanism to be 
considered is the role of pericardial constraint at high 
cardiac volume.?! However, in the present study, ven- 
tricular volume did not predict survival. 

Cautious interpretation of the study is necessary be- 
cause the study is retrospective and relates to a small 
heterogeneous population with only 15 cardiac deaths 
(17% cardiac mortality). A recent study by Gradman 
et al? considered a similar population of patients with 
heart failure and found a mortality of 16%. 

As pointed out by Cohn,?* because LV ejection 
fraction is related to survival in heart failure, a more 
precise method of assessing LV function might provide 
an even more sensitive marker for prognosis. The pres- 
ent study suggests that time to peak filling rate and 
peak filling rate have independent predictive values 
in patients with resting LV ejection fractions <0.50. 
These measures may assist in identifying patients with 
decreased LV systolic function with the poorest short- 
term prognosis. 


TPFR, msec 


PFR, EDV/sec 





FIGURE 3. Kaplan-Meier survival curves by: left ventricular 
ejection fraction (EF) 20.35 and <0.35; time to peak filling 
rate >167 and <167; and peak filling rate >1.67 and <1.67. 
Abbreviations as in Figure 2. 


O Survivors 

A Noncardiac deaths 
èe Cardiac deaths 

4 Transplant 


FIGURE 4. Time to peak filling 
rate in patients with left ventric- 
ular ejection <0.20, 0.21 to 
0.35 and >0.35. Bars indicate 
mean values in patients who 
survived or died a noncardiac 
death (open symbols) or died a 
cardiac death or underwent car- 
diac transplantation (solid sym- 
bols). Abbreviations as in Figure 
-A 
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VALVULAR HEART DISEASE 


Comparison of Accuracy of Transesophageal 
Versus Transthoracic Echocardiography for the 
Detection of Mitral Valve Prolapse with Ruptured 
Chordae Tendineae (Flail Mitral Leaflet) 


Randall A. Sochowski, MD, Kwan-Leung Chan, MD, Kathryn J. Ascah, MD, 
and Pierre Bedard, MD 


The accuracy of transesophageal echocardiogra- 
phy was compared with that of transthoracic 
echocardiography in the detection of ruptured 
chordae tendineae (flail mitral leaflet) in 27 pa- 
tients with mitral valve prolapse (MVP) who un- 
derwent valve repair or replacement for mitral 
regurgitation. Confirmation of the presence of 
ruptured chordae resulting in a flail leaflet was 
available at surgery in all cases. The echocardio- 
graphic studies were read blindly by 2 indepen- 
dent observers with any differences resolved by 
a third. 

Mean (+ standard deviation) age was 63 + 13 
years. Men (n = 20) outnumbered women (n = 7) 
(p <0.02), and tended to be younger (p = 0.06). 
Flail leaflets were identified in 20 of 27 patients. 
In 1 patient, both leaflets were involved and in 
the remaining 19 patients posterior leaflets (15 
patients) were more frequently affected than an- 
terior leaflets (4 patients). Transesophageal 
echocardiography correctly identified all 20 pa- 
tients with flail leaflets, but 1 false positive study 
occurred among the 7 patients without a flail 
leaflet. In contrast, transthoracic echocardiogra- 
phy identified only 12 of 20 patients with flail 
leaflets, with no false positive studies. Transe- 
sophageal echocardiography was more accurate, 
correctly classifying 26 of 27 (96%) cases ver- 
sus 19 of 27 (70%) by the transthoracic ap- 
proach (p <0.01). This study suggests a higher 
incidence of chordal rupture to the posterior leaf- 
let in patients with MVP and demonstrates im- 
proved accuracy of transesophageal over trans- 
thoracic echocardiography in the detection of 
flail leaflets. 

(Am J Cardiol 1991;67:1251-1255) 
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he presence of ruptured chordae, resulting 
in a flail leaflet, is a frequent finding in pa- 
tients requiring surgery for mitral valve prolapse 
(MVP).!- Repair offers advantages over replacement® 
and, as it becomes the surgical treatment of choice, 
accurate preoperative anatomic information acquires 
more importance. Individual transthoracic echocardio- 
graphic signs have only modest sensitivity (29 to 79%) 
for the detection of a flail mitral leaflet.’ Two-dimen- 
sional echocardiography is superior to both the M- 
mode” and Doppler’ examination. Combining these 
techniques increases sensitivity but at a loss of specific- 
ity.’ Transesophageal echocardiography improves visu- 
alization of the mitral valve and could provide the opti- 
mal window for accurate identification of ruptured 
chordae and flail leaflets. To investigate this hypothe- 
sis, 2-dimensional transthoracic echocardiography was 
compared with transesophageal echocardiography for 
the detection of MVP with ruptured chordae tendineae 
(flail mitral leaflet). 


METHODS 

Study patients: The study group comprised 27 pa- 
tients with MVP and mitral insufficiency who had their 
mitral valve repaired or replaced from January 1988 to 
March 1990. Patients with clinically significant mitral 
insufficiency due to MVP underwent a preoperative 
transesophageal echocardiographic study in addition to 
a transthoracic study to help assess the role of transe- 
sophageal echocardiography in determining the feasibil- 
ity of repair. During the study period, 3 patients were 
excluded because a transesophageal study was not per- 
formed for logistic reasons. The presence or absence of 
ruptured chordae resulting in a flail leaflet was con- 
firmed by visual inspection at surgery. 

Echocardiography: Transthoracic echocardiograph- 
ic studies were performed with either a Hewlett-Pack- 
ard 77020, Aloka 860, Toshiba 160, or Siemens Sono- 
line CF system. The highest frequency transducer that 
allowed adequate penetration was used in each case. 
The majority of transesophageal studies were per- 
formed with the Hewlett-Packard 77020 system and a 
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TABLE I Patient Demographics by Total Group and Gender 


Total Male Female pValue 


<0.02 
0.06 
0.06 


No. of pts. 27 20 7 
Age (yrs) 


Symptom duration (yrs) 


634213 61413 71210 
3543.1 4343.3 1.41.1 
NYHA class 
13 
11 
3 
Values are mean + standard deviation. 


p Values compare men with women. 
NYHA = New York Heart Association. 


5-MHz probe. The Aloka 860 (5-MHz biplane probe) 
and the Siemens Sonoline CF (5-MHz probe) systems 
were used in 2 cases each. 

Definitions: A leaflet was identified as flail if 
it met 1 of the following criteria on the transthoracic 
study”-!!: (1) inversion of a mitral valve leaflet tip into 
the left atrium with associated loss of coaptation; (2) 
mitral valve “whipping” or systolic fluttering. This was 
defined as erratic, rapidly moving systolic left atrial 
echoes thought to correspond with ruptured chordae. 
These criteria were chosen for the sensitivity and speci- 
ficity demonstrated in a previous study.” They were 
also used to classify a leaflet as flail from the transe- 
sophageal approach. 

The transthoracic and transesophageal echocardio- 
graphic studies were reviewed separately by 2 observers 
blinded to the surgical findings. Any differences in in- 
terpretation were resolved by a third blinded observer. 

Statistical analysis: The accuracy of transthoracic 
and transesophageal echocardiography in the detection 
of flail leaflets, defined as the proportion of correct re- 
sults (true positive + true negative/total tests), was 
compared using the binomial equation and a ¢ test. Un- 
paired ¢ tests were used for comparison between groups. 
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TABLE II Comparison of Patients With Surgically Proven 
Ruptured Chordae Tendineae (Flail Mitral Leaflet) to Those 
Without 


No. of pts. 
Age (yrs) 
Male /female 
Symptom duration (yrs) 
NYHA class 
Il 
Iil 
IV 
Sudden change in symptoms 
LA diameter (mm) 
LV diameter (mm) 
Diastole 
Systole 


For all comparisons, p = not significant. 
LA = left atrial; LV = left ventricular; NYHA = New York Heart Association. 





RESULTS 

A total of 27 patients were studied. Of these, 24 
underwent repair and 3 replacement of the mitral valve. 
Transthoracic echocardiography was performed 38 + 
86 days before transesophageal study. The wide stan- 
dard deviation was due to a long interval in a few pa- 
tients. If the single case where over a year separated the 
studies is excluded, the time interval between studies 
decreases to 24 + 49 days. This patient was included in 
the analysis, although exclusion did not alter the study 
results. The majority of studies, 16 of 27, were per- 
formed sequentially on the same day. 

Clinical features: Men (n = 20) outnumbered wom- 
en (n = 7) in this patient group, a frequency that is 
significantly different from the general population (p 
<0.02). This is in keeping with previous reports, which 
have concluded that the more serious sequelae occur in 
men.!%13 The men tended to be younger and to have a 


FIGURE 1. Transesophageal echocardio- 
graphic study demonstrating a flail posterior 
mitral valve leaflet (arrow). LA = left atrium; 
LV = left ventricle. 
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longer duration, but not severity, of symptoms at sur- 
gery (Table 1). 

At surgery, flail mitral leaflets were identified in 20 
of 27 patients. One patient had both leaflets flail and 
the remaining 19 had a single flail leaflet. There were 
no significant differences in demographic features or 
echocardiographic findings between patients with and 
without flail leaflets (Table II). Symptomatology was 
similar for the 2 groups, although the number of pa- 
tients without flail leaflets was small. 

Echocardiographic findings: The transesophageal 
echocardiographic studies demonstrated characteristic 
findings of flail leaflets. Figure 1 demonstrates a flail 
posterior leaflet. A segment of the leaflet is identified 
behind the anterior leaflet directed into the left atrium. 
In real time, highly mobile echoes, compatible with 
ruptured chordal apparatus, were seen prolapsing into 
the left atrium in systole and returning to the ventricle 
in diastole. The regurgitant jet was directed anteriorly 
and toward the interatrial septum. A flail anterior leaf- 
let is shown in Figure 2: the flail segment is now behind 


FIGURE 2. Transesophageal echocardio- 
graphic study demonstrating a flail anterior 
mitral valve leaflet (arrow). LA = left atrium; 
LV = left ventricle. 


FIGURE 3. Comparison of cases correctly 
classified (shaded portion of bar) as to the 


the posterior leaflet in the left atrium. Free chordal ap- 
paratus is again identified and the regurgitant jet is di- 
rected posteriorly and toward the lateral atrial wall. 
Use of these characteristic findings allowed correct 
classification of which leaflet was flail in all cases. It 
was more likely for the posterior leaflet to be flail (15 of 
19 cases) and, with few exceptions, the middle scallop 
was involved. In patients without flail leaflets, the re- 
gurgitant jet was also typically eccentric, its direction 
dependent on which leaflet had the more severe pro- 
lapse. The specific regurgitant jet direction could not be 
used to differentiate patients with from those without 
flail leaflets. 

Transesophageal echocardiography was more accu- 
rate in determining whether a flail leaflet was present 
or absent, correctly classifying 26 of 27 cases (96%) 
versus 19 of 27 (70%) by the transthoracic approach 
(p <0.01, Figure 3). Transthoracic echocardiography 
failed to detect flail leaflets in 8 of 20 patients ultimate- 
ly found to have them at surgery. Transesophageal 
echocardiography correctly identified the presence of a 
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flail leaflet in all 20 cases. The 1 patient with both leaf- 
lets flail was not identified as such by the majority of 
observers with either method. In 2 of the 8 cases where 
a flail leaflet was missed by transthoracic echocardiog- 
raphy, the technical quality of the study was poor. The 
closer proximity of the imaging surface to the mitral 
valve during transesophageal echocardiography, and 
the higher resolution of the transducer, were felt to ac- 
count for the correct identification in the other 6 cases 
where the transthoracic images were judged to be ade- 
quate or good. No false positive transthoracic studies 
occurred, but there was | false positive transesophageal 
study where a flail leaflet was diagnosed: on subsequent 
pathologic examination, it was found to be a mobile, 
healed vegetation. Interobserver agreement was high, 
with differences in interpretation occurring in only 2 of 
27 (7%) transesophageal studies and 4 of 27 (15%) 
transthoracic studies. 

Because the transesophageal study was performed 
at a variable time interval after the transthoracic study, 
a potential bias exists in its favor, as a flail leaflet may 
have developed between the studies. In 16 patients, the 
2 studies were performed on the same day. In this 
group there were 12 patients with flail leaflets con- 
firmed at surgery. All were identified by the transe- 
sophageal approach, but only 7 were diagnosed by 
transthoracic echocardiography. No false positive stud- 
ies occurred with either technique. The diagnostic accu- 
racy of transesophageal echocardiography (16 of 16 
cases) was again superior to that of transthoracic echo- 
cardiography (11 of 16 cases, p <0.02, Figure 3). 


DISCUSSION 

As favorable long-term follow-up data become 
available,'* repair rather than replacement is more fre- 
quently used when technically feasible for MVP with 
insufficiency. Severe disease of the anterior mitral valve 
leaflet has been considered a contraindication for re- 
pair,'> and ruptured chordae to the posterior leaflet 
may increase the likelihood of repair over replace- 
ment.'!© The identification of potentially repairable 
valves, and the planning of the surgical procedure, 
should be enhanced by accurate anatomic information. 
With this information available preoperatively, the sur- 
geon can provide a better estimate of the chance of 
successful repair to both the patient and referring 
physician, potentially influencing the timing of surgery. 

The important comparison between the 2 echocar- 
diographic techniques is one of overall accuracy, as 
both false negative and false positive errors are signifi- 
cant. Transesophageal echocardiography proved superi- 
or to the transthoracic approach for the accurate classi- 
fication of the presence or absence of flail leaflets in this 
patient group. In analyzing individual studies, the addi- 


tional yield from the transesophageal approach could 
be seen regardless of the technical quality of the trans- 
thoracic study. Severe prolapse, redundancy and thick- 
ening of the mitral valve found in these patients may 
make diagnosis of flail segments difficult from the 
transthoracic approach. The close proximity to the mi- 
tral valve and improved resolution achieved from the 
transesophageal window allow a more detailed visual- 
ization of the mitral valve anatomy. 

Characteristic echocardiographic findings were seen 
on the transesophageal studies, which allowed correct 
classification of which leaflet was flail. The flail leaflet 
was inverted into the left atrium behind the leaflet that 
was not flail. The jet of mitral insufficiency was direct- 
ed anteriorly and toward the interatrial septum when 
the posterior leaflet was flail and posteriorly toward the 
lateral atrial wall when the anterior leaflet was flail. 
These findings have been previously seen from the 
transthoracic approach.'’ Eccentric jets of mitral regur- 
gitation could be seen both in patients with a flail leaf- 
let and in patients with MVP alone, and could not be 
used to distinguish the 2. 

In this study a greater proportion of men were again 
seen among patients requiring surgery for MVP with 
insufficiency. In the patients where a flail leaflet was 
identified, it was more frequently the posterior leaflet, a 
finding noted by others.*° No clinical differences were 
found between patients with and without flail leaflets. 
This finding may be related to the small number of 
patients without a flail leaflet, but it was clear that both 
severe mitral insufficiency as well as sudden changes in 
symptom status could occur in that group. 

The improved anatomic definition provided by 
transesophageal echocardiography shown in this study 
suggests that it should be considered in the preoperative 
evaluation of patients considered for mitral valve repair. 


Acknowledgment: We wish to thank R.C. Nair, 
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Aortic Valve Replacement for Aortic Stenosis in 
Persons Aged 80 Years and Over 
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Eugene A. Grossi, MD, F. Gregory Baumann, PhD, Rick Esposito, MD, 
Greg H. Ribakove, MD, and Frank C. Spencer, MD 


Seventy-one patients aged >80 years (mean + 


standard deviation 82 + 2) with aortic stenosis 
or mixed stenosis and regurgitation underwent 
aortic valve replacement alone (n = 35, group 1) 
or in combination with a coronary artery bypass 
procedure without any other valve procedure (n 
= 36, group 2). Preoperatively, 91% had severe 
cardiac limitations (New York Heart Association 
class Ill or IV). Hospital mortality was 12.7% 
overall (9 of 71), 5.7% (2 of 35) for group 1 and 
19.4% (7 of 36) for group 2. Perioperatively, 1 
patient (1.4%) had a stroke. Survival from late 
cardiac death at 1 and 3 years was 98.2 and 
95.5%, respectively, for all patients, 100% for 
patients who underwent isolated aortic valve re- 
placement, and 96.3 and 91.2%, respectively, 
for patients who underwent aortic valve replace- 
ment plus coronary artery bypass. Eighty-three 
percent of surviving patients had marked symp- 
tomatic improvement. Freedom from all valve-re- 
lated complications (thromboembolism, antico- 
agulant, endocarditis, reoperation or prosthetic 
failure) was 93.3 and 80.4% at 1 and 3 years, 
respectively. Thus, short- and long-term morbid- 
ity and mortality after aortic valve replacement 
for aortic stenosis in patients aged 280 years 
are encouragingly low, although the addition of 
coronary artery bypass grafting increases short- 
and long-term mortality. 

(Am J Cardiol 1991;67:1256-1260) 
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ered rare, is now quite common in the United 

States. Based on 1980 census data, it has been 
projected that, in the current decade, 40% of Ameri- 
cans will reach the age of 80 years and survive several 
years thereafter.' Because anatomically uncorrected 
aortic stenosis has a grave prognosis when symptoms of 
angina and heart failure occur, the relative risks and 
benefits of aortic valve replacement in patients >80 
years old have become a highly significant issue. This is 
especially true in view of recent, heightened concern ex- 
pressed at all levels regarding the rapidly rising cost of 
health care. Sensitive economic and ethical issues arise 
in connection with any treatment that previously might 
have been regarded as an overly aggressive and costly 
therapeutic approach associated with a high-risk and 
low-positive yield. Aortic valve replacement would have 
been considered only rarely for octogenarians in the 
1960s and 1970s, but recent advances in several areas 
have forced a reevaluation of this attitude. Therefore, 
the present report analyzed the results of aortic valve 
replacement for aortic stenosis with or without aortic 
regurgitation in patients >80 years old performed dur- 
ing a recent 12-year period at our institution. 


S urvival into the ninth decade, formerly consid- 


METHODS 

Patients: Between June 1976 and December 1988, 
71 patients 280 years old underwent aortic valve re- 
placement for aortic stenosis with or without aortic re- 
gurgitation at New York University Medical Center. 
During the first half of this study period, only 15 pa- 
tients were treated, representing 21% of the study pa- 
tients. As our experience and confidence with these pa- 
tients grew, the number of patients treated during the 
last half of the study period increased to 56, represent- 
ing 79% of the entire patient cohort. Thirty-five pa- 
tients underwent aortic valve replacement as an isolated 
procedure (group 1), and 36 had a concomitant coro- 
nary bypass procedure without any additional valve 
procedure (group 2). All results are expressed as the 
mean + | standard deviation, unless otherwise indicat- 
ed. Sixty-six patients underwent a primary elective 
operation, and 5 required an emergency operation for 
hemodynamic deterioration. Thirty-two patients were 
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men (13 group 1, 19 group 2) and 39 were women (22 
group |, 17 group 2). Age at operation was 82.2 + 
2.27 years (range 80 to 91) (group 1, 82.2 + 2.59; 
- group 2, 82.2 + 1.95). 

The preoperative diagnosis of the predominant val- 
vular lesion was aortic stenosis in 63 patients (group 1, 
31; group 2, 32), and mixed stenosis and regurgitation 
in 8 (group 1, 4; group 2, 4). All severely symptomatic 
patients underwent cardiac catheterization before oper- 
ation. The peak aortic valve gradient in patients with 
aortic stenosis, with or without aortic regurgitation, was 
65.8 + 25.4 mm Hg (range 29 to 128; group 1, 77.3 + 
21.8; group 2, 55.7 + 24.3). Pulmonary capillary 
wedge pressure was 18.7 + 8.3 mm Hg (group 1, 18.4 
+ 7.4; group 2, 18.9 + 9.4), right atrial pressure 6.8 + 
2.8 mm Hg (group 1, 7.4 + 2.4; group 2, 6.4 + 3.1), 
left ventricular end-diastolic pressure 21.9 + 9.0 mm 
Hg (group 1, 21.0 + 7.5; group 2, 22.8 + 10.3), and 
-= cardiac index 2.6 + 0.47 liters/min/m? (group 1, 2.5 
+ 0.46; group 2, 2.6 + 0.48). Forty-eight patients had 
severe coronary artery disease. Stenoses 250% of the 
luminal diameter were noted in 1 major coronary ar- 
tery in 15 patients (21%), in 2 coronary arteries in 18 
(25%), and in 3 coronary arteries in 15 (21%). One 
patient had a large atrial septal defect. 

Ninety-one percent of the patients were in New 
York Heart Association class III or IV. Congestive 
heart failure, the predominant preoperative finding, was 
noted in 48 patients. Angina pectoris was noted in 6, 
but no patient had syncope. The major associated ill- 
nesses most frequently encountered were systemic hy- 
pertension (27 patients), history of a myocardial infarc- 
tion (17 patients) and cerebral transient ischemic at- 
tacks (14 patients). Eleven patients were diabetic and 5 
had had prior cerebral vascular accidents. The advan- 
tages and limitations of both mechanical prosthetic and 
porcine bioprosthetic valves were discussed with each 
patient, with a strong recommendation for the latter in 
this age group. Most patients ultimately left this deci- 
sion up to the surgeon, and 91.6% received a porcine 
bioprosthesis. 

Operative technique: All patients were operated on 
using standard cardiopulmonary bypass with a mem- 
brane oxygenator (Travenol Labs, Deerfield, Illinois) 
and a DeBakey roller pump. The mean + standard de- 
viation duration of cardiopulmonary bypass was 117 + 
44.9 minutes (group 1, 101 + 41.8; group 2, 140 + 
39.8), and the aortic cross-clamp interval was 79.8 + 
28.7 minutes (group 1, 70.9 + 26.0; group 2, 91.0 + 
28.5). Flow rates of 2 to 2.5 liters/min/m* were used 
with mild hypothermia (25 to 30°C), and perfusion 
' pressures were maintained at 50 to 70 mm Hg. Myo- 
cardial preservation was achieved by cold blood potassi- 


um cardioplegia (6 to 10°C) and topical lavage with 
cold saline solution. Cardioplegia was administered in 
an anterograde fashion in most patients. During the last 
2 years, however, an increasing number of patients re- 
ceived retrograde cardioplegia via the coronary sinus, 
particularly patients requiring complex or multiple pro- 
cedures. A thermistor probe was used routinely to en- 
sure a myocardial temperature of 8 to 12°C during the 
aortic occlusion period. 

The techniques of aortic cannulation and valve exci- 
sion are described because they have proven highly ef- 
fective in minimizing the hazard of embolization and 
have been associated with a low rate of perioperative 
neurologic complications. Since 1985, a modified tech- 
nique of ascending aortic cannulation using a long-arch 
cannula has been used.” This technique, which positions 
the tip of the cannula distal to the left subclavian ar- 
tery, minimizes the hazards of atheroembolization dur- 
ing perfusion (the “sandblast” effect). Before excision 
of the calcified aortic valve, a gauze pack was placed in 
the left ventricle to prevent subsequent embolization of 
small pieces of removed calcium. The valve was excised 
with scissors and rongeurs, with great care taken to re- 
trieve calcific debris. The ascending aorta and left ven- 
tricle were copiously irrigated with saline to ensure that 
any fragments of calcium that might have escaped re- 
trieval were removed. 

Patients with mechanical prostheses received warfa- 
rin sodium (Coumadin®), beginning on the third post- 
operative day, and had their prothrombin times adjust- 
ed to 1.5 to 2 times normal. These patients are anti- 
coagulated in this manner indefinitely. Patients with 
porcine bioprostheses ideally received warfarin sodium 
for 3 months after hospital discharge and then were 
managed with antiplatelet therapy alone. However, in 
selected elderly patients for whom anticoagulation was 
regarded as dangerous, various modifications of this 
regimen were used. 

Follow-up data: Follow-up information was ob- 
tained from the patient during office visits or by tele- 
phone interview with the patient, the patient’s physi- 
cian, or both. Follow-up data were available for 60 of 
the 62 discharged patients (96.8%). The follow-up in- 
terval was 26.5 + 22.5 months (range | to 130 
months), and the total follow-up was 132.5 patient 
years. All sudden deaths occurring outside the hospital 
for which no clear cause was apparent were assumed to 
be cardiac-related. 

Over 150 data points were analyzed for each pa- 
tient. Actuarial curves for mortality or late complica- 
tions were obtained by the life-table method. It should 
be noted that, because the number of patients who en- 
tered the fifth year of such analysis was small, results 
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TABLE I Major Morbidity and Mortality Observed Among 71 Patients 280 Years Old Who Underwent Aortic Valve Replacement 


Total Patients 

(%) [Fatal] 
Complications (n=71) 
Low cardiac output 

Mild 

Severe (IABP and /or LA-FA) 
Excessive postop bleeding 
Myocardial infarction 
Ventricular arrhythmia 
Renal failure 
CNS event 

Stroke 1 (1.4%) 

TIA a 
Tamponade 8 (11.3%) [2] 
Sternal sepsis 2 (2.8%) [2] 
Prolonged respiratory support 6 (8.4%) 


4 (5.6%) 

4 (5.6%) [2] 

4 (5.6%) [1] 

2 (2.8%) 

2 (2.8%) [2] 
11 (15.5%) 





Group 2 
Patients 
(%) [Fatal] 
(n = 36) 


Group 1 
Patients 
(%) [Fatal] 
(n = 35) 


— 4(11.1%) 

2 (5.7%) [2] 2 (5.6%) 

— 4(11.1%) [1] 
1 (2.9%) 1 (2.8%) 

— 2 (5.6%) [2] 
1 (2.9%) 10 (27.8%) 


— 1 (2.8%) 

1 (2.9%) 7 (19.4%) [2] 
— 2 (5.6%) [2] 
2 (5.7%) 4(11.1%) 


CNS = central nervous system; IABP = intraaortic balloon pump; LA-FA = left atrial-femoral artery bypass; postop = postoperative; TIA = transient ischemic attack. 


are reported for the third year of follow-up. Risk fac- 
tors for early and late mortality were determined by 
hazard function analysis.‘ 


RESULTS 

Early results: HOSPITAL MORTALITY: Hospital mortali- 
ty varied widely, depending on the indication for the 
operative procedure and its complexity. The overall 
hospital mortality was 12.7% (9 of 71), and hospital 
mortality for isolated aortic valve replacement was 
5.7% (2 of 35) and 19.4% (7 of 36) for aortic valve 
replacement plus coronary artery bypass. Hazard func- 
tion analysis was performed for incremental risk fac- 
tors, including emergency operation, previous cardiac 
operation, concomitant coronary bypass grafting proce- 
dure, mean pulmonary artery pressure 230 mm Hg, 
systolic pulmonary artery pressure 260 mm Hg, age, 
type of valve prosthesis, New York Heart Association 
class, sex, cardiac index <2 liters/min/m?, body sur- 
face area <1.8 m?, left ventricular end-diastolic pres- 


-&- AVR ONLY 
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sure 225 mm Hg, peak aortic gradient >75 mm Hg -4 


and a small aortic root (<23 mm). The results revealed 
no incremental risk factors in the early hazard phase. 

PERIOPERATIVE COMPLICATIONS: The incidence of dif- 
ferent types of perioperative complications varied great- 
ly (Table I). A low cardiac output state, defined as 
failure to maintain a perioperative cardiac index in ex- 
cess of 2.5 liters/min/m*, was encountered in 8 pa- 
tients. In 4 of these, treatment consisted of adminis- 
tration of postoperative inotropic agents alone. In 4 
patients with severely low output states, treatment con- 
sisted of intraaortic balloon counterpulsation or support 
with a temporary left atrium/ascending aorta bypass 
circuit. Two hospital deaths were attributed to refracto- 
ry postoperative low cardiac output states. Excessive 
bleeding was considered to be present when the total 
postoperative mediastinal drainage exceeded 1,000 ml. 
This was noted in 4 patients, 3 of whom required reex- 
ploration. In | patient with a severe coagulopathy, this 
complication proved fatal. 


FIGURE 1. Actuarial survival from all late 
death in patients >80 years old who un- 
derwent isolated aortic valve replacement 
(AVR) or aortic valve replacement plus 
coronary artery bypass grafting (AVR + 
CABG) (p >0.05). POST-OP = postopera- 
tive 


AVR ONLY 
ALL 
AVR+CABG 
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TABLE II One- and Three-Year Freedom from Late Complications for Patients 280 Years Old with Aortic Valve Replacement 


Group 1 Group 2 


All Patients 


Complication 1 Year 


Thromboembolism 94.6% 

Anticoagulant-related complication 96.4% 

Endocarditis 100% 

Reoperation or valve failure 100% 

Freedom from all above valve-related 93.3% 
morbidity 

Freedom from all cardiac-related mortality 78.5% 
and all late valve-related morbidity 


Two nonfatal myocardial infarctions occurred. Seri- 
ous ventricular arrhythmias were noted in 2 patients 
and proved refractory to all interventions in both. The 
occurrence of postoperative renal failure was defined as 
a postoperative serum creatinine >3 mg/100 ml when 
renal function was normal before operation or as a 
marked increase in the postoperative serum creatinine 
level when renal function was impaired preoperatively. 
Such renal failure was observed in 11 patients and re- 
sponded to conventional treatment, sometimes includ- 
ing peritoneal dialysis or hemodialysis. None of the per- 
ioperative deaths could be directly attributed to isolated 
renal failure. 

The occurrence of significant perioperative central 
nervous system events proved strikingly rare. No pa- 
tient had a perioperative transient ischemic episode and 
only 1 patient had a perioperative stroke. Eight patients 
developed perioperative cardiac tamponade and, in 2, 
this complication proved fatal. Sternal sepsis was seen 
in 2 patients, both of whom died from this complica- 
tion. Six patients required prolonged mechanical venti- 
lation (>72 hours). 

Late results: The actuarial survival from all causes 
of death (hospital or late, cardiac-related or non-cardi- 
ac-related) was 84.4% at 1 year and 82.1% at 3 years 
(group 1, 93.3%, 93.3%; group 2, 76.5%, 72.4%; p = 


FIGURE 2. Actuarial survival from all late 
death for patients >80 years old who un- 
derwent aortic valve replacement with or 
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subjects from the general population (p 
<0.001). Abbreviation as in Figure 1. 


3 Years 1 Year 3 Years 1 Year 3 Years 


89.3% 93.1% 83.0% 96.2% 
88.6% 96.5% 87.3% 96.2% 
94.7% 100% 90.0% 100% 
100% 100% 100% 100% 
80.4% 93.3% 74.5% 93.3% 


65.6% 87.1% 69.5% 70.6% 





0.04). Actuarial survival from late death was 98.1% at 
1 year and 95.5% at 3 years (group 1, 100%, 100%; 
group 2, 96.3%, 91.2%) (Figure 1). Survival from late 
cardiac death at 1 and 3 years was 98.2% and 95.5%, 
respectively. For patients who underwent isolated aortic 
valve replacement, the 1- and 3-year survival rates from 
late cardiac death were 100%, and for patients who 
underwent aortic valve replacement plus coronary ar- 
tery bypass, survival rates were 96.3% and 91.2%, re- 
spectively. No incremental risk factors could be identi- 
fied in the late constant phase of the hazard function 
analysis. The actuarial freedom from thromboembolism 
was 94.6% at 1 year and 89.3% at 3 years (Table II). 
In fact, the incidence of all late complications was less 
than expected, with 80.4% of operative survivors re- 
maining free from all valve-related morbidity at 3 
years, and 65.6% remaining free from all valve-related 
morbidity and cardiac mortality at 3 years. 

At follow-up, 64.8% of surviving patients were 
found to be in New York Heart Association class I or 
II (group 1, 67.8%; group 2, 61.5%), 31.5% in class IH 
(group 1, 28.6%; group 2, 34.6%) and only 3.7% (2 
patients) in class IV. At follow-up, 83.0% of surviving 
patients (group 1, 82.1%; group 2, 84.0%) thought 
their symptoms had substantially improved, where- 
as 17.0% (group 1, 17.9%; group 2, 16.0%) found 
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that their symptoms remained unchanged. No patient 
thought that symptoms had worsened after operation. 


DISCUSSION 

The overall hospital mortality observed in the 
present study of aortic valve replacement for aortic ste- 
nosis with or without regurgitation was 12.7%. The 
hospital mortality rate in patients undergoing isolated 
aortic valve replacement was 5.7% and in patients re- 
quiring aortic valve replacement in association with cor- 
onary artery bypass was 19.4%. These results are al- 
most identical to the overall hospital mortality rate of 
12.4% and to a hospital mortality rate for elective iso- 
lated aortic valve replacement for pure aortic stenosis of 
5.6%, as recently reported by our group for aortic valve 
replacement in 482 patients >70 years old during a 
similar time period. The results are also consistent with 
those observed in another study of aortic valve replace- 
ment for aortic stenosis in patients >80 years old.6 The 
causes of hospital mortality included low output state 
(2 patients), acute arrhythmias (2 patients) and sepsis 
(2 patients). No death was due to neurologic causes 
and only 1 perioperative stroke (1.4%) occurred in the 
study. 

Thus, despite the marked cardiac decompensation 
and serious valvular dysfunction in this patient group, a 
relatively low hospital risk was observed for isolated 
aortic valve replacement. The increased hospital mor- 
tality observed when aortic valve replacement was com- 
bined with coronary artery bypass grafting undoubtedly 
reflects the impact of increased operative time, im- 
paired delivery of cardioplegia to the myocardium and 
decreased myocardial reserve in such patients, com- 
pared with those requiring aortic valve replacement 
only. 

incidence of postoperative stroke: [mportant obser- 
vations are the low incidence of perioperative stroke (1 
patient, 1.4%) and the absence of any perioperative 
neurologic fatality in the entire series. These results 
could be attributed to the meticulous removal of all cal- 
cific valvular debris and air, and to the use of a long- 
arch arterial return cannula when extensive calcifi- 
cation of the ascending aorta or transverse arch was 
suspected or detected.2 These procedures have been 
carefully followed for the past 20 years and, in 1990, 
Galloway et al° reported our institutional experience 
with aortic valve replacement in 482 patients aged >70 
years in whom a perioperative stroke rate of only 2.7% 
was noted. 

Craver et al’ encountered a neurologic event rate of 
5.3% in 322 patients aged =70 years when isolated 
aortic valve replacement was performed and noted an 
increase to 10.8% when this procedure was combined 
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with bypass grafting. In contrast, Bessone et al® studied 
the results of aortic valve replacement in 219 patients 
270 years old and observed a total of only 5 postopera- 


tive strokes (2.3%). In 1989, Levinson et al® noted de- ~Y 


bilitating perioperative neurologic events in 6 of 64 pa- 
tients (9.4%) aged 280 years requiring aortic valve 
surgery. 

Late results: Other important observations are the 
functional improvement in survivors and the freedom 
from cardiac causes of late death. As indicated, 83% of 
survivors regarded themselves as improved at follow-up 
and 65% of survivors were classified as New York 
Heart Association class I or Il, with only 3.7% remain- 
ing in class IV. All patients with isolated aortic valve 
replacement who were discharged alive survived to at 
least the third postoperative year and 75% survived to 
the fifth year; none of the late deaths could be attribut- 
ed to cardiac-related causes. The linearized risk of all 
late death was 3.8% per patient year and the 3-year 
survival from all late death for 62 operative survivors 
was 95.5%, which was significantly higher than the 3- 
year survival rate of 75.6% in age- and sex-matched 
control subjects from the general population (Figure 2). 

In summary, this study, detailing the results of aor- 
tic valve replacement for aortic stenosis with or without 
regurgitation in a large number of patients >80 years 
old, demonstrates the safety and sustained beneficial 
long-term effects of aortic valve replacement in such 
patients when currently available surgical techniques 
are used. Thus, aortic valve replacement should be con- 
sidered the therapy of choice for the majority of octoge- 
narians with symptomatic aortic valve dysfunction. 


REFERENCES 

1. National Center for Health Statistics. United States Life Tables: U.S. Decen- 
nial Life Tables for 1979-1981. vol. 1, no. 1. Washington, D.C. Government 
Printing Office, 1985. (DHHS Publications No. [PHS] 85-1150-1). 

2. Culliford AT, Colvin SB, Rohrer K, Baumann FG, Spencer FC. The athero- 
sclerotic ascending aortic and transverse arch: a new technique to prevent cerebral 
injury during bypass: experience with 13 patients. Ann Thorac Surg 1986;41: 
27-35. 

3. Cutler SJ, Ederer F. Maximum utilization of the life table method in analyzing 
survival. J Chron Dis 1958;8:699-712. 

4. Blackstone EH, Naftel DC, Turner ME Jr. The decomposition of time-varying 
hazard into phases, each incorporating a separate stream of concomitant informa- 
tion. J Am Stat Assoc 1986;81:615-624. 

5. Galloway AC, Colvin SB, Grossi EA, Baumann FG, Sabban YP, Esposito R, 
Ribakove GH, Culliford AT, Slater JN, Glassman E, Harty S, Spencer FC. Ten- 
year experience with aortic valve replacement in 482 patients 70 years of age or 
older: operative risk and long-term results. Ann Thorac Surg 1990;49:84-93. 
6. Levinson JR, Akins CW, Buckley MJ, Newell JB, Palacios IF, Block PC, Fifer 
MA. Octogenarians with aortic stenosis. Outcome after aortic valve replacement. 
Circulation 1989;80(suppl I):1-49-1-56. 

7. Craver JM, Weintraub WS, Jones EL, Guyton RA, Hatcher CR Jr. Predictors 
of mortality, complications, and length of stay in aortic valve replacement for 
aortic stenosis. Circulation 1988;78(suppl 1):I-85-I-90. 

8. Bessone LN, Pupello DF, Hiro SP, Lopez-Cuenca E, Glatterer MS. Surgical 


management of aortic valve disease in the elderly: a longitudinal analysis. Ann ~Y 


Thorac Surg \988;46:264-269. 


JUNE 1, 1991 


Value and Limitations of Color Doppler 





Echocardiography in the Evaluation of 
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The limitations of 2-dimensional and pulsed 


Doppler echocardiography in patients undergo- 
ing mitral valvuloplasty are well known. This 
study was undertaken to assess the value of col- 
or Doppler flow imaging in 36 symptomatic mi- 
tral stenosis patients who subsequently under- 
went successful balloon mitral valvuloplasty by 
comparing the results to those obtained at cardi- 
ac catheterization. Color Doppler-guided conven- 
tional Doppler assessment agreed well with car- 
diac catheterization results in classifying mitral 
stenosis as mild, moderately severe and severe, 
both before and after valvuloplasty. Color Dopp- 
ler was also useful ia identifying patients who 
had moderate to severe mitral regurgitation be- 
fore and after valvuloplasty. Color Doppler flow 
mapping was more sensitive than oximetry in the 
detection of iatrogenic atrial septal defects, 
which were noted in 25 patients. The defects of 
those patients with smaller defects by color 
Doppler (diameter <0.7 cm) or echocardiograph- 
ic shunt volume <0.7 liters/min tended to close, 
usually within 6 months, as opposed to those 
with larger defects or higher shunt volumes, 
which tended to persist. Echocardiographic 
shunt volumes revealed a fair correlation with 
oximetric results. 
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al Doppler echocardiography in the assessment 

of percutaneous balloon mitral valvuloplasty are 
well known.!~4 The relatively recently introduced tech- 
nique of Doppler color-flow mapping facilitates rapid 
and reliable evaluation of mitral stenosis, mitral regur- 
gitation and atrial septal defects in multiple planes.>-° 
The current study assesses the usefulness of this tech- 
nique in evaluating mitral valve area, mitral regurgita- 
tion and iatrogenic atrial septal defect in patients with 
mitral stenosis undergoing balloon valvuloplasty. 


T he limitations of 2-dimensional and convention- 


METHODS 

Patients: The study group comprised 36 patients (9 
men and 27 women) with a mean + standard deviation 
age of 49 + 3 years (range 24 to 82 years) undergoing 
percutaneous balloon mitral valvuloplasty over a 3-year 
period (Table I). The mitral valve apparatus echocar- 
diographic score’ was <8 in 32 patients (89%) and 8 to 
11 in 4 patients (11%). No patient had undergone pre- 
vious percutaneous balloon mitral valvuloplasty. 

Echocardiographic studies: Two-dimensional, con- 
ventional and color Doppler echocardiograms were ob- 
tained within 24 hours before valvuloplasty in 20 of the 
36 patients (56%), 1 to 7 days before in 13 (36%), and 
>7 days after valvuloplasty in 3 (8%). After valvulo- 
plasty, 30 patients (83%) had echocardiograms within 
24 hours and the remaining patients within 3 days after 
the procedure. Follow-up color Doppler studies were 
performed in 26 patients between 0.5 to 34 months af- 
ter valvuloplasty (mean 7.8 + 1.4 months). All exami- 
nations were performed with a commercially available 
color Doppler ultrasound system and a 2.0- or 2.5- 
MHz transducer. 

The mitral valve area was obtained by both planim- 
etry’ and color Doppler-guided continuous-wave Dopp- 
ler pressure half-time.? The mean transmitral pressure 
gradients were obtained by averaging the peak veloci- 
ties of the Doppler spectral trace (5 beats in patients 
with sinus rhythm and 10 beats in patients with atrial 
fibrillation) and by using the modified Bernoulli equa- 
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4943 
9/29 


Age (yrs) 


Male /female 


Prior surgical commissurotomy 7 
Rhythm 

Sinus 

Atrial fibrillation 


Ventricular pacemaker 
Junctional 
NYHA CHF class 


Average 2.8+0.1 1.5+0.1* 


* p <0.0001. 
CHF = congestive heart failure; NYHA = New York Heart Association. 


TABLE Il Hemodynamic Data 


No. of 


Pts. Initial Post-PMBV p Value 
4.4+0.2 4640.2 
211 1342 
21+1 14+1 

16.0+0.9 5940.5 


10.2+0.7 5440.4 


Cardiac output (liters /min) 34 
LAP (mm Hg) 


PCWP (mm Hg) 
MMPG (mm Hg) 
MMPG (mm Hg) Doppler 36 


LAP = left atrial pressure; MMPG = mean mitral pressure gradient; NS = not 
significant; PCWP = pulmonary capillary wedge pressure; Post-PMBV = postpercu- 
taneous mitral balloon valvotomy. 


tion.!° Cardiac catheterization estimates of the mitral 
valve area were obtained using the Gorlin equation.!! 
Mitral stenosis was considered severe, moderately se- 
vere and mild when the mitral valve area was <1.0, 1.0 
to 1.5 and >1.5 cm2, respectively.'!2 Valvuloplasty was 
considered successful if the mitral valve area was >| 
cm? and increased by >25%, and if the mean transmi- 
tral pressure gradient decreased to <10 mm Hg!? by 
cardiac catheterization. The reliability of 2-dimensional 
planimetry and pressure half-time estimations of mitral 
valve area was tested by | observer on 2 separate occa- 
sions and similarly by another independent observer. 
Regurgitant valvular lesions were detected and semi- 
quantified using color Doppler? and left ventricular an- 
giography.'4 

Atrial septal defects were imaged in multiple 
planes.'> The defect diameter was assumed to be equal 
to the maximal jet width by color Doppler at the defect 
site. Atrial septal defects were assumed to be circular 
(to calculate the area),° and net shunt flows were calcu- 
lated immediately after valvuloplasty in 24 patients and 
in follow-up examinations in 18 patients using the fol- 
lowing equation: shunt flow volume = mean flow veloc- 
ity X shunt flow duration X atrial septal defect area X 
heart rate.!© The mean flow velocity = mean flow ve- 
locity integral X shunt flow duration; the latter 2 values 
were obtained from the pulsed Doppler (16 patients) or 
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color M-mode (8 patients) traces. Using the pulsed 
Doppler spectral trace, the sample volume cursor was 
placed within the brightest color Doppler signals and 
parallel to the shunt flow direction to obtain the maxi- 
mal flow velocity at the level of the atrial septal defect. 
Similarly, using the color M-mode trace, the color M- 
mode cursor line was placed parallel to the atrial septal 
defect flow jet, and the mean flow velocity was derived 
from the intensity of the brightest or aliased color sig- 
nals.!’? Shunt flow direction was also analyzed by color 
Doppler-guided M-mode or pulsed-wave Doppler, or 
both, rather than by 2-dimensional color Doppler be- 
cause of the high update rate of the former tech- 
niques. !® 

Cardiac catheterization: Brokenbrough needles 
were used in each patient to traverse the interatrial sep- 
tum, followed by the double-balloon valvuloplasty tech- 
nique using 2 Mansfield catheters (Boston Scientific). 
Cardiac output was determined by thermodilution in 
each patient and the Gorlin equation was used to calcu- 
late the mitral valve areas.'! Left ventriculograms were 
obtained in 32 of 36 and 35 of 36 patients before and 
after valvuloplasty, respectively. After valvuloplasty, 
shunt flow volume was estimated by oximetry across 
the iatrogenic atrial septal defect in 33 patients (3 pa- 
tients had no postvalvuloplasty oximetry available).!9 
The shunt flow volumes by oximetry and by echocardi- 
ography were then used in correlational analysis in the 
8 patients with significant shunt flow volumes by echo- 
cardiography (20.05 liter/min) and available oximetry 
data. 

Statistical analysis: The echocardiographic and car- 
diac catheterization results were correlated using linear 
regression analysis. Proportions were compared using 
chi-square analysis, and continuous variables were ana- 
lyzed by the Student ¢ test. Data were expressed as 
mean + the standard error of the mean. 


RESULTS 

Tables I and II list variables for clinical and hemo- 
dynamic data before and after valvuloplasty. 

Mitral valve area: When the patients’ mitral stenosis 
severity was categorized by mitral valve area, mitral 
valve areas derived by both pressure half-time and 2- 
dimensional planimetry were generally in agreement 
with those obtained at cardiac catheterization (Figure 
1). Of the 17 patients with severe mitral stenosis by 
catheterization, the mitral valve areas derived by pres- 
sure half-time concurred in 15 patients (88%), whereas 
those derived by 2-dimensional planimetry agreed in 10 
of 16 patients (63%) (1 of the latter patients did not 
have adequate mitral valve images for planimetry). 

After valvuloplasty, categories derived by both 2- 
dimensional planimetry and pressure half-time also 
agreed well with the catheterization-derived categories 
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(28 of 34 patients, 82%, and 28 of 36 patients, 78%, 
respectively). Two patients had inadequate mitral valve 
images for planimetry. No patient had severe mitral 
stenosis according to mitral valve areas derived by ei- 
ther pressure half-time or cardiac catheterization. 


FIGURE 1. Schematic of mitral valve area 
correspondence by cardiac catheterization 
(CATH) to both Doppler pressure half-time 
(PHT) and 2-dimensional (2D) echocardio- 
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r = 0.62 
p < 0.005 


MVA BY 2D PLANIMETRY (cm) 


The mitral valve areas derived by pressure half-time 
and 2-dimensional planimetry had a moderate correla- 
tion to the catheterization-derived areas both before 
and after valvuloplasty. The correlation improved when 
mitral valve areas obtained before and after valvulo- 
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FIGURE 2. Correlation plots of mitral valve area (MVA) before and after valvuloplasty by cardiac catheterization (CATH), com- 
pared with that derived by both 2-dimensional (2D) echocardiographic planimetry and Doppler pressure half-time (PHT). BMV = 


balloon mitral valvuloplasty. 
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plasty were combined and compared with cardiac cath- 
eterization results (Figures 2 and 3). 

Observer variability: Mitral valve areas derived by 
2-dimensional planimetry and pressure half-time, as es- 
timated by a single observer on 2 separate occasions, 
were not statistically significantly different either before 
(1.1 + 0.1 vs 1.1 40.1 and 1.0 + 0.1 vs 0.9 + 0.1 cm?, 
respectively) or after valvuloplasty (1.7 + 0.1 vs 1.7 + 
0.1 and 1.8 + 0.1 vs 1.8 + 0.1 cm?, respectively). 

No significant differences were found between ob- 
servers in the mitral valve areas derived by 2-dimen- 
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FIGURE 3. Correlational plots of mitral valve area (MVA), combining the pre- and posty. 
both 2-dimensional measurements 


catheterization (CATH), compared with both 


Doppler pressure half-time (PHT). Abbreviations as in Figure 2. 


sional planimetry or by the pressure half-time method 
either before (1.1 + 0.1 vs 1.1 + 0.1 and 1.0 + 0.1 vs 
1.0 + 0.1 cm?, respectively) or after valvuloplasty (1.7 


+ 0.1 vs 1.7 + 0.1 and 1.8 + 0.1 vs 1.8 + 0.1 cm? g 


respectively ). 

Mitral regurgitation: Before valvuloplasty, 31 pa- 
tients angiographically had no or mild mitral regurgita- 
tion, and color Doppler graded the degree of regurgita- 
tion similarly in 29 (91%). After valvuloplasty, 10 pa- 
tients angiographically had moderate to severe mitral 
regurgitation, and color Doppler graded the degree of 
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alvuloplasty measurements by cardiac 
derived by (2D) echocardiographic planimetry and 
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FIGURE 4. Schematic of mitral regurgita- 
tion using 
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regurgitation similarly in 9 (90%). Of the 30 patients 
with no angiographic mitral regurgitation (combining 
the before and after valvuloplasty patients), mild regur- 
gitation was noted in 17 patients by color Doppler. 
Thus, color Doppler was more sensitive than ventric- 
ulography in detecting mitral regurgitation (Figure 4). 
After valvuloplasty, 19 of the 36 patients (53%) had no 
change in mitral regurgitation severity by color Dopp- 
ler, 14 patients’ (39%) mitral regurgitation increased 
by 1 grade, and 3 patients’ (8%) mitral regurgitation 
increased by 2 grades (Figure 5). 

latrogenic atrial septal defect: No atrial septal de- 
fects were noted before valvuloplasty by color Doppler. 


MITRAL REGURGITATION 


Of the 33 patients with oximetry performed immediate- 
ly after valvuloplasty, 10 patients (30%) had significant 
oxygen saturation step-ups,!? but a much larger propor- 
tion (23 of 33, 70%) had atrial septal defects by color 
Doppler. These included all 10 patients with evidence 
of atrial septal defect by oximetry. Eleven of the 13 
patients (85%) with color Doppler defects not detected 
by oximetry had small Doppler shunt flows (<0.4 li- 
ters/min) or small color Doppler size (<0.5 cm). The 
patients with shunt flow volume by echocardiography 
> 1.3 liters/min and atrial septal defect size >1.0 cm 
all had significant right-sided heart oxygen saturation 
step-ups. The correlation coefficient of shunt flow vol- 
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FIGURE 5. Schematic of mitral regurgita- 
tion (MR) before and after balloon mitral 
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FIGURE 6. A, postvalvuloplasty atrial septal defect (ASD) size and, B, net left-to-right shunt flow (QP-QS) by color Doppler on 
follow-up echocardiographic examinations. The patients are grouped according to the atrial septal defect size and the amount of 


shunt flow. 
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umes by echocardiography and by oximetry was fair— 
r = 0.54 (p <0.01). Only 1 patient in the current series 
had bidirectional shunting, with inspiratory right-to-left 
shunt flow by color Doppler. 

Follow-up studies: No significant changes were 
found in either mitral regurgitation or in mitral valve 
areas derived by the 2-dimensional planimetry or pres- 
sure half-time method up to 2 years after valvuloplasty. 

Follow-up studies performed in 20 of 23 patients 
with atrial septal defects demonstrated defect closure in 
11 of them. The color Doppler defect size was relatively 
small (<7 mm) in all except 1 patient. The shunt flow 
volume by color Doppler, available in 9 of the 11 pa- 
tients, was relatively small, at <0.4 liters/min. None of 
the patients with a shunt flow volume of 20.7 liters / 
min by color Doppler demonstrated defect closure dur- 
ing follow-up periods ranging from | to 21 months 
(Figure 6, A and B). Overall, the initial echocardio- 
graphic shunt flow volume was significantly larger in 
the persistent than in the nonpersistent atrial septal de- 
fect group (0.8 + 0.3 vs 0.1 + 0.1 liters/min, p <0.04), 
and the color Doppler defect size tended to be larger in 
the persistent than in the nonpersistent group, but the 
differences were not statistically significant (0.5 + 0.1 
vs 0.4 + 0.1 cm). 


DISCUSSION 

Mitral valve area: Unlike previous studies,!~* the 
current study used color Doppler guidance of conven- 
tional Doppler measurements, allowing the examiner to 
align the Doppler cursor parallel to the core of the mi- 
tral stenosis jet more rapidly and reliably, and thus to 
obtain more accurate peak velocities and transmitral 
pressure gradients for mitral valve area estimation, es- 
pecially in patients after valvuloplasty in whom mitral 
stenosis jets were frequently eccentric. With this tech- 
nique, the correlation between the mitral valve areas 
derived by pressure half-time and cardiac catheteriza- 
tion improved, compared with previously published re- 
sults (r = 0.3! vs 0.65). The correlation coefficient was 
not high in the current study, but patients could still be 
accurately categorized in terms of mitral stenosis sever- 
ity, suggesting that a major limiting factor was the lim- 
ited range of mitral valve areas,* as most patients un- 
dergoing mitral valvuloplasty would be expected to 
have moderately severe to severe mitral stenosis. In- 
deed, the correlation improved when mitral valve areas 
obtained before and after valvuloplasty were combined. 
Other factors that may have decreased the correla- 
tion coefficient are nonsimultaneous catheterization and 
Doppler measurements,! lack of net left atrial and ven- 
tricular compliance measurements,” the inherent inac- 


valve area at catheterization, particularly in the pres- 
ence of coexistent mitral regurgitation,?° and the imme- 
diacy with which most of the echocardiograms were ob- 
tained after valvuloplasty.2 On the other hand, the cate- 
gorization of mitral stenosis severity by color Doppler 
into mild, moderate and severe agreed well with the 
catheterization-derived values, and appears to be a 
more accurate and useful way of categorizing mitral 
stenosis by echocardiography than using the numeric 
valve areas. 

Mitral regurgitation: Color Doppler has largely su- 
perseded pulsed Doppler in the evaluation of mitral re- 
gurgitation, especially with eccentric regurgitant jets, 
which are often noted after valvuloplasty.*! In the cur- 
rent study, color Doppler was more sensitive than angi- 
ography in detecting mitral regurgitation both before 
and after valvuloplasty, and estimates of mitral regurgi- 
tation by color Doppler correlated significantly with 


catheterization estimates both before and after valvulo- - 


plasty. After valvuloplasty, mitral regurgitation severity 
increased significantly by both color Doppler and cardi- 
ac catheterization, and was likely due to both the me- 
chanical factors associated with the valvuloplasty proce- 
dure and the marked decrease in the left atrial pressure, 
which would have been expected to increase the left 
ventricular to left atrial pressure gradient.???3 The ma- 
jority of the patients’ mitral regurgitation by color 
Doppler did not worsen significantly, but more than 
one-third of patients’ mitral regurgitation did worsen by 
21 grade. The proportion of patients with increased 
mitral regurgitation after valvuloplasty in the cur- 
rent study was very similar to that reported by Abascal 
et al.?! 

Atrial septal defect: The patients in the current 


study had a 71% incidence of immediate postvalvulo- ` 


plasty atrial septal defect according to transthoracic 
color Doppler, which compares favorably with the 87% 
incidence found by transesophageal color Doppler in 
a previous report,?* but the incidence we report is 
much higher than that reported with transthoracic col- 
or Doppler (13%) in the same study.** This discrepan- 
cy may be due to the very small size of the postvalvulo- 
plasty atrial septal defects in the latter report (mean 1.8 
mm) and to the high sensitivity of transesophageal 
echocardiography in detecting these small defects. 
Atrial septal defect left-to-right shunt flow has been 
quantitated based on echocardiographic defect size and 
shunt flow velocity in congenital lesions!> but not in 
iatrogenic postvalvuloplasty defects. Small atrial septal 
defects were not reliably detected by oximetry when the 
shunt flow volume by echocardiography was <0.4 li- 
ters/min but, when it was 1.3 liters/min, oximetry de- 


w 
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curacies of the Gorlin equation in estimating mitral tected significant oxygen step-ups in all patients. All we 
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patients with a large atrial septal defect shunt flow by 
oximetry were identified by color Doppler. 

The oximetric shunt flow volumes had a moderate 
correlation with those obtained by echocardiography. 
This might have been higher if the measurements were 
simultaneous, if oximetry were as sensitive as color 
Doppler echocardiography in detecting shunt flow and 
if the number of patients were larger. 

Follow-up studies: No significant changes were ob- 
served in the mitral valve areas or in mitral regurgita- 
tion, suggesting that balloon valvuloplasty results may 
be comparable to the results of closed mitral valvotomy 
in mitral stenosis.?526 x 

Patients with <0.7 liters/min of left-to-right atrial 
septal defect shunt flow after valvuloplasty, as well as 
those with a color Doppler defect size of <0.7 cm, 
tended to demonstrate defect closure usually within 6 
months, which is in general agreement with previous 
studies.24.2”28 The elevated left atrial pressure in pa- 
tients with mitral stenosis may persist to some extent 
after valvuloplasty, which may in turn induce a rela- 
tively large left-to-right shunt even across a small de- 
fect. This effect may, in part, account for the trend 
toward decreased shunt flow across the iatrogenic atrial 
septal defect over time as the left atrial pressure de- 
creases. 
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Theoretical and Practical Differences Between 
the Gorlin Formula and the Continuity Equation 
for Calculating Aortic and Mitral Valve Areas 


Jean G. Dumesnil, MD, and Ajit P. Yoganathan, PhD 


Although the Gorlin formula and the continuity 


equation are both used to calculate valvular 
areas in the clinical situation, there have been 
few comparisons of the 2 methods. Mathemati- 
cally, it can be shown that both formulas are de- 
rived from similar hydrodynamic principles 
which basically give a measure of the physiologic 
or effective area occupied by flow. However, the 
Gorlin formula contains errors in formulation and 
incorporates a constant that purports to give a 
measure of the anatomic rather than of the ef- 
fective area of the valve. If both formulas are ap- 
plied to the same hemodynamic data from aortic 
and mitral bioprostheses studied in a pulse dupli- 
cator system, the Gorlin formula constantly 
yields results 1 to 2% higher than the continuity 
equation for aortic valves and 12 to 13% higher 
for mitral valves. For any given type and size of 
prosthesis, the areas calculated by either formu- 
la increase linearly in relation to increasing pres- 
sure and flow (up to 20% for aortic valves and 
up to 35% for mitral valves). It is concluded that 
the Gorlin formula and the continuity equation 
are both pressure- and flow-dependent and are 
primarily related to the effective area occupied 
by flow rather than to the anatomic area of the 
valve. The 2 methods yield consistently different 
results due to differences in mathematical for- 
mulation. Such factors are important to consider 
when interpreting valve area calculations clini- 
cally. 

(Am J Cardiol 1991;67:1268-1272) 


From the Québec Heart Institute, Laval University, Québec, Canada, 


and the Cardiovascular Fluid Mechanics Laboratory, School of Chemi- 
cal Engineering, Georgia Institute of Technology, Atlanta, Georgia. 
Manuscript received October 22, 1990; revised manuscript received 
January 22, 1991, and accepted January 24. 

Address for reprints: Jean G. Dumesnil, MD, Québec Heart Insti- 
tute, Laval Hospital, 2725, chemin Sainte-Foy, Sainte-Foy, Québec, 
Canada G1V 4G5. 


1268 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


he formula proposed by Gorlin and Gorlin! in 

1951 and later revised in 1972? is routinely used 

to calculate valve areas during cardiac catheter- 
ization. This formula has withstood the test of time and 
has proved its usefulness in delineating cases with se- 
vere stenosis from cases with moderate or mild stenoses. 
However, recent reviews of the subject*+ emphasize 
that there are still unresolved issues with regard to both 
the theoretical basis of the formula and its applications. 
Another method of measuring valve areas clinically has 
been the use of the continuity equation during Doppler 
echocardiographic studies.°-? The exact relation be- 
tween these 2 methods of calculating valve areas has 
not been determined, and it still may be questioned 
whether the 2 formulas are a measure of the exact 
same area and if the results obtained with one formula 
are comparable to those obtained with the other. 

In this study, the Gorlin formula and the continuity 
equation are compared with regard to their mathemati- 
cal formulation as well as to the results obtained if both 
formulas are applied to the same hemodynamic data 
from aortic and mitral bioprostheses studied in a pulse 
duplicator system. 


METHODS 

In vitro pressure and flow data are from Medtronic 
Intact® aortic bioprostheses models 19 to 29 and Med- 
tronic Intact® mitral bioprostheses models 25 to 35 and 
were obtained using a left heart pulse duplicator system 
already described elsewhere.* Tests are conducted over 
a flow range corresponding to a cardiac output range of 
2.5 to 7.5 liters/min at a pulse rate of 70 beats/min, 
with systole accounting for approximately 35% of the 
simulated cardiac cycle. Transvalvular pressure de- 
crease (gradient) and pulsatile flow rate data are ob- 
tained from 3 of each size and type (aortic and mitral) 
of the Intact® valves. Measurements reported for each 
valve are the average of the mean gradient (dP), the 
mean flow rate (Qmean) and the root-mean-square of 
the flow rate (Qrms). This last measurement is the 
square root of the average of the squared instantaneous 
flows ,/Q 2. The formula used to calculate the effective 
orifice area in this model is the following: 
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BOA = —Qims_ (1) 
51.6 ./dP 


The effective orifice area is the physiologic area oc- 
cupied by flow and not the anatomic orifice area of the 
valve. The formula was originally derived by Yellin et 
al? after verifying Gorlin’s equation and was subse- 
quently reviewed by the same investigators.'° The term 
51.6 is said to include the gravitational constant and the 
conversion of millimeters of mercury to centimeters of 
water. In contrast to the Gorlin formula, the discharge 
coefficient that is the ratio between the effective orifice 
area and the anatomic area of the valve is neglected 
and the result is intended to characterize the hydrody- 
namic performance of the valve in terms of its physio- 
logic or functional area. As pointed out by Gabbay et 
al,!° the formula is correct only if used with root-mean- 
square of the flow as the numerator and incorrect if 
used with mean flow. 


CONTINUITY EQUATION 

The principle of continuity states that in the absence 
of shunt or regurgitation, the volume of blood passing 
in different sites of the heart is the same. For contigu- 
ous sites where the timing of the passage of blood is the 
same, the principle of continuity is used to derive the 
following relations, assuming a flat velocity profile: 


Q =A, V, and A, V, = A, V, (2) 


where Q is flow (ml/s), A; and A> the cross-sectional 
areas (cm?) of the contiguous sites and V, and V> the 
velocities of flow (cm/s) in the same areas. Note that 
Q, A and V are instantaneous values. From these equa- 
tions one can also write: 


Q? = A? V? or A? = & (3) 
2 
V 


From the simplified Bernoulli equation (dP = 3.94 
V2)!! one obtains: 





Ara O EAE (4) 
dP/3.94 vdP/1.98 


and to convert the result to cm? (V in the simplified 
Bernoulli equation is expressed m/s): 


A= Se 
50.4 /dP 


From equations (4) and (5), the area can also be com- 
puted from mean values as follows: 


had /Q? pa Qrms 


50.4 /dP 50.4,/dP 


(5) 


(6) 


2 

Note that Q? # Q and the similarity between equa- 
tions (6) and (1). It is also understood that A is the 
mean value of the instantaneous areas occurring during 
the period analyzed. An alternate way to obtain the 
same result from equation (3) would be: 


Qmean 


50.4 /aP 


where Q is the mean flow and /dP the mean of the 
square root of the instantaneous pressures. The simpli- 
fied Bernoulli equation neglects the inertial forces due 
to acceleration and viscous friction. Viscous friction is 
neglected because it is relatively small and in vitro ex- 
periments show that it would not alter the calculations 
significantly. The inertial forces due to acceleration can 
be neglected either if considering the time of peak flow 
(dQ/dt = 0), if averaging all terms over | pulsatile 
flow cycle (the inertial forces due to valve opening and 
closure cancel out) or in the case of continuous flow. 
Equation (5) is thus valid either at peak flow or during 
continuous flow, and equations (6) and (7) can be ap- 
plied to values averaged over 1 cardiac cycle. 

These points are discussed in detail by Hatle and 
Angelsen!? as well as by Gabbay et al! and Yogan- 
athan et al.!3 Given the hydrodynamic principles on 
which it is based, it is also understood that the continui- 
ty equation is also a measure of effective orifice area 
and not of anatomic valve area. 


(7) 


GORLIN FORMULA 
The Gorlin formula is derived from 2 equations!: 


Q = AVC. (8) 


which is basically the continuity equation discussed pre- 
viously plus the orifice contraction coefficient (Ce) as- 
suming that A is the anatomic area of the valve rather 
than the physiologic area occupied by flow and: 


V =C, 28h (9) 


where V is the velocity of flow in cm/s, g is the gravity 
acceleration (980 cm/s*), h the pressure in cm H20 
and C, a velocity conversion factor to account for losses 
due to viscous friction. From these 2 equations the fol- 
lowing relation was derived. 


A= les. ites = tee RA" aE 
C/C, CC V/2-980h 


Am AA 
(C) 44.3 \/dp 


where C is considered an empirical constant accounting 
for C. and C, as well as other unknown factors.? Note 


(10) 
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TABLE I Flow, Pressure, and Orifice Area Calculations for 
Aortic Bioprosthesis 


Orifice Areas 
Mean 
Gradient 
(mm Hg) 


Prosthesis Qmean Qrms Model 


(ml/s) 


CEq 


CEq = continuity equation (equation 6); Model = in-vitro model formula (equation 
1); Qmean = mean flow; Qrms = root-mean-square flow. 





first that as for equation (2), equation (8) is theoretical- 
ly applicable only to instantaneous values, whereas 
equation (10) is routinely used with mean values of 
flow (Q) and pressure (,/dP). As shown for equations 
(6) and (7), this is basically incorrect since for mean 
values, either the value for flow should be VQ? (Qrms) 
instead of Qmean (equation 6) or the value for pressure 
vaP instead of ./dP (equation 7). Second, h in equa- 
tion (9) is in cm H,O, whereas in equation (10) it is 
directly used as if in mm Hg. As pointed out by Ro- 
drigo and Snellen,'* converting the term 4/2gh in 
equation (9) to be used in mm Hg yields ./2-980-h-1.3 
or 50.5 ./dP. Hence, reformulating the Gorlin equation 
to account for these factors would give either: 


Qmean HijerA Qrms 


(C) 50.5 „/dP (C) 50.5 „/dP 


Except for the constant C, these equations are very 
close to equations (6) and (7). In practice, the constant 
C is assumed to be 1.0 for tricuspid, pulmonic and aor- 
tic valves but to date there has been remarkably little 
validation of this constant. For the mitral valve, a con- 
stant C of 0.85 is routinely utilized to account for the 
difference noted by Gorlin and Gorlin! between the cal- 
culated mitral valve area and the actual anatomic area 
measured at autopsy or surgery in 11 patients. 


ë = 


A= (12) 
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TABLE Il Flow, Pressure and Orifice Area Calculations for 
Mitral Bioprosthesis 


Orifice Areas 
Mean 
Gradient 
(mm Hg) 


Model 
(cm?) 


Prosthesis 
Size 


Qmean Qrms 


(ml/s) 


CEq 


Abbreviations as in Table |. 


Gorlin and Gorlin' empirically incorporated the 
conversion of mm Hg to cm H,O as well as the con- 
traction coefficient Ce and the velocity conversion fac- 
tor C, into the constant C. Their intention was thus to 
give a measure of the anatomic area of the valve rather 
than of the physiologic area occupied by flow. In prac- 
tice, equation (10) with a constant C of 1.0, however, 
yields a result close to the physiologic area as expressed 
by equations (6) and (7) as well as by equations (11) 
and (12) with a constant C of 1.0. This is due to the 
fact that the incorrect uses of Qmean rather than Qrms 
and of the term 44.3 instead of 50.5 somewhat com- 
pensate for one another. The velocity conversion factor 
C, to account for viscous friction has never been an 
important consideration, and, as pointed out for the 
continuity equation, it can be neglected altogether. 

In this study, valve areas with the Gorlin formula 
are calculated in the usual fashion!>:!© using equation 
(10) with a constant C of 1.0 to yield a coefficient of 
44.3 for aortic valves and with a constant C of 0.85 to 
yield a coefficient of 37.7 for mitral valves. 


RESULTS 

Pressure and flow measurements as well as valve 
area calculations by the 3 methods (in vitro model, con- 
tinuity and Gorlin) for aortic and mitral bioprostheses 
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are given in Tables I and II. With each method, the 
valve area calculation for each bioprosthesis size in- 
creases in relation to increasing flow and pressure gra- 
dient (up to 20% for aortic valves and up to 35% for 
mitral valves). The valve areas calculated by the Gorlin 
formula are 1 to 2% higher than those calculated by 
the continuity equation in the case of aortic valves; they 
are 12 to 13% higher in the case of mitral valves, 
whereas in both cases the continuity equation yields re- 
sults approximately 3% higher than the in vitro model. 
Figures | and 2 show that in absolute terms, the differ- 
ences in results between methods decrease as the valve 
areas become smaller. Extrapolating to the range of 
areas corresponding to stenotic aortic valves (<0.80 
cm), differences between the continuity equation and 
the Gorlin formula are <0.10 cm2. For mitral valves, 
areas between 0.6 and 1.5 cm? by the continuity equa- 
tion would be 0.09 to 0.20 cm? higher if calculated by 
the Gorlin formula. 


DISCUSSION 

Mathematically, the continuity equation and the 
Gorlin formula are based on similar hydrodynamic 
principles which give a measure of the physiologic or 
effective area of the valve occupied by flow. As demon- 
strated, the Gorlin formula, however, contains 2 small 
errors, i.e., the use of mean flow instead of root-mean- 
square flow and the use of the constant 44.3 instead of 
50.5 (see methods, equations 10 to 12). To some ex- 
tent, these errors compensate one another but are none- 


„a CE9 (€) or Gorlin (x) area (cm?) 


1.8 2.3 
In-Vitro model area (cm°) 


FIGURE 1. Comparison of aortic bioprosthetic valvular areas 
with in-vitro model calculated areas. Straight line is line of 


identity. 





theless responsible for the 1 to 2% difference in results 
between the continuity equation and the Gorlin formula 
using a constant of 44.3. 

The original intent of the Gorlin formula was to give 
a measure of the anatomic area rather than of the ef- 
fective area. For this purpose, a proposal to introduce a 
contraction coefficient accounting for the difference be- 
tween these 2 areas was considered. In the case of aor- 
tic valves, the coefficient was never precisely defined 
and arbitrarily given a value of 1.0, which is equivalent 
to assuming that the effective and the anatomic areas 
are one and the same. In the case of mitral valves, a 
coefficient of 0.85 was introduced based on the differ- 
ences observed by Gorlin and Gorlin! in 11 patients 
between the areas calculated with the formula using a 
constant of 44.3 and the actual anatomic areas mea- 
sured at surgery or autopsy. Hence, the constant for the 
Gorlin mitral formula became 44.3 X 0.85 or 37.7, 
which is equivalent to assuming a relatively constant 
ratio of 0.85 between effective area and anatomic area, 
and to assuming that the result is an estimate of the 
anatomic rather than of the effective area of the valve. 
For this reason, the areas calculated by the Gorlin mi- 
tral formula are consistently 12 to 13% higher than 
those calculated by the continuity equation. 

More recent studies!’-*° suggest that the ratio be- 
tween effective and anatomic area cannot be considered 
constant and may in fact vary quite considerably de- 
pending on various conditions. For instance, the ratios 


CEq (=) or Gorlin (x) area (cm?) 
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1.6 2.6 3 
In-Vitro model area (cm’) 


FIGURE 2. Comparison of mitral bioprosthetic valvular areas 
calculated by continuity equation (Ceq) and Gorlin formula 
with in-vitro model calculated areas. Straight line is line of 


identity. 
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reported within the same studies of various types and 
sizes of prostheses vary from 0.38 to 0.77!9 and from 
0.55 to 0.75.!° Moreover, in vitro studies®?? allowing a 
direct visualization of flow within prostheses show that 
the area occupied by flow varies depending on pressure 
and flow conditions as well as on the type of prosthesis 
being studied. These observations and others!’~?° are 
consistent with the findings of the present study, show- 
ing that the effective orifice area within the same pros- 
thesis increases linearly in relation to increasing pres- 
sure and flow. Indirectly, they are also consistent with 
the results of Cannon et al?!: Although planimetered 
(or anatomic) areas vary little in relation to pressure 
and flow, those calculated by the Gorlin formula vary 
quite considerably and are therefore not adequate for 
predicting anatomic prosthetic valve areas.?? Unfortu- 
nately, there are very few data with regard to native 
valves. Nonetheless, these results again suggest that the 
hydraulic formulas are primarily related to effective or- 
ifice area and are inadequate for evaluating valve ana- 
tomic area. From a practical standpoint, the effective 
orifice area may be a more important variable to con- 
sider clinically because it is directly related to pressure 
and flow and probably better reflects the patient’s clini- 
cal and hemodynamic status than the anatomic area. 
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CONGENITAL HEART DISEASE 


Ventricular Function During Supine Bicycle 
Exercise in Univentricular Connection with 
Absent Right Atrioventricular Connection 
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Fourteen patients with univentricular connection, 


absent right connection (tricuspid valve atresia) 
and normally related great arteries underwent 
rest and supine bicycle exercise equilibrium ra- 
dionuclide blood pool studies. Ejection fraction, 
heart rate, systemic blood pressure and oxygen 
saturation (ear oximetry) were measured. There 
were 6 male and 8 female patients. Mean age + 
standard error of the mean was 14.5 + 1.1 
years (range 6.3 to 21.1). Eight patients (group 
I) had systemic to pulmonary shunts placed as 
palliation 8.2 + 2.2 years before study and 6 pa- 
tients (group Il) had caval to pulmonary shunts 
placed 11.8 + 1.6 years previously. Ejection 
fraction at rest was 54 + 2% and an abnormal 
response to exercise (failure of ejection fraction 
to increase >5% from rest to peak exercise) was 
found in 9 of 14 patients. When analyzed sepa- 
rately, ejection fraction at rest in group I was 
higher than in group Il; however, this difference 
disappeared at peak exercise. There was a sig- 
nificant negative correlation between ejection 
fraction at peak exercise and the interval since 
palliative surgery, although it was not apparent 
at rest. These data suggest that ventricular func- 
tion is compromised during exercise and that ab- 
normal performance is influenced by long-stand- 
ing volume overload. Importantly, this abnormal 
state is concealed at rest and the choice of pallia- 
tive shunting procedure appears to have little ef- 
fect on normalizing pump performance. 

(Am J Cardiol 1991;67:1273-1278) 
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described an operative technique for the physiolog- 

ic repair of so-called tricuspid valve atresia (uni- 
ventricular connection with absent right connection). 
Since then, the Fontan procedure or | of its modifica- 
tions*-© has been applied in a variety of congenital car- 
diac malformations.’~? The success of this approach de- 
pends on many factors, including patient age, pulmo- 
nary artery size, pressures and resistance, and left 
ventricular performance.!®'! Impairment of the latter 
will jeopardize circulatory function in an atrial-depen- 
dent circulation early in the perioperative period and 
will be manifested as inadequate functional reserve in 
the long term.6-!4 This study was designed to assess 
ventricular performance at rest and during exercise in 
this anatomic setting, and to correlate factors, such as 
age or previous palliative surgical procedure (shunt), 
that may influence that response. 


I n 1971, Fontan and Bandet! and Kreutzer et al?” 


METHODS 

Study population: The study group comprised 14 
patients with univentricular connection to a morpholog- 
ic left ventricle, right atrioventricular valve atresia, hy- 
poplastic right ventricle, ventricular septal defect and 
ventriculoarterial connection. Diagnosis was confirmed 
at cardiac catheterization and angiography at an aver- 
age of 2.2 + 0.7 months (mean + standard error of the 
mean) before investigation. There were 6 male and 8 
female patients whose ages averaged 14.5 + 1.1 years 
(range 6.3 to 21.1). Previous corrective surgery had not 
been performed, but all patients required =1 surgical 
shunt for palliation of progressive cyanosis at an aver- 
age 9.7 + 1.5 years before study. For data analysis, the 
cohort was divided into 2 subgroups: group |, 8 patients 
(numbers | through 8) had systemic to pulmonary 
shunts placed an average 8.2 + 2.2 years previously; 
group II, 6 patients (numbers 9 through 14) had caval 
to pulmonary (classical Glenn) shunts placed an aver- 
age 11.8 + 1.6 years previously. 

All patients had complete physical examinations, 
chest x-ray and 12-lead electrocardiography before ex- 
ercise. At rest all subjects were in sinus rhythm, had 
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left axis deviation and left ventricular hypertrophy. No 
patient had significant ST-T-wave depression, although 
all had T-wave inversion. On chest x-ray, the cardio- 
thoracic ratio averaged 53.9 + 1.3% and hemoglobin 
averaged 180 + 6 g/liter, with no intergroup differ- 
ences. All patients were taking digoxin; none were re- 
ceiving diuretics. 

Exercise protocol: The study group followed a su- 
pine bicycle exercise protocol previously described 
by our laboratory.!> The procedure was carefully ex- 
plained to all children, as full cooperation was neces- 
sary. Briefly, heart rate from electrocardiogram lead II, 
systolic blood pressure measured by cuff sphygmoma- 
nometry and oxygen saturation by ear oximetry (Hew- 
lett-Packard, arterial 7201A ear oximeter) were record- 
ed at 2-minute intervals at rest and during exercise. 
The patients were positioned supine with their feet in 
the upright pedals of an electronically braked bicycle 
ergometer (type AM 368, Elema-Schoanader, Stock- 
holm, Sweden) and with the odometer adjusted to be in 
the patient’s line of vision. After proper adjustment of 
the camera head and with the patient comfortable, a 
resting equilibrium radionuclide blood pool study was 
acquired for 2 minutes. Patients were then instructed to 
pedal at a cycle rate of 60 rpm, with the ergometer set 
at 50 kilopound-meters per minute (kpm/min) for 3 
minutes. The work load was then increased 50 to 100 
kpm/min every 3 minutes until exhaustion. Leg fatigue 
was the reason for stopping in all subjects. Imaging was 
performed during the final 2 minutes of each interval, 
when heart rate and systolic blood pressure were stable. 
The average length of each study was 15 to 25 minutes. 
Only the last completed 3-minute work load was used 
in analysis. 

Radionuclide technique: [maging was performed 
with an in vivo labeled autologous red blood cell tech- 
nique.!516 An intravenous injection of 5 mg of cold 
stannous pyrophosphate dissolved in 3 ml of normal 
saline was given, followed in 15 to 20 minutes by a 
dose of technetium-99m pertechnetate based on patient 
weight, with a maximal dose of 20 mCi. A mobile sin- 
gle crystal scintillation gamma camera (Picker Dyna 
Camera 4/10/Special Purpose) equipped with a medi- 
um resolution, 30° slant hole collimator (Engineer- 
ing Dynamics) interfaced with a dedicated computer 
(MDS-A2) was used for data acquisition. The multi- 
ple-gated studies were acquired with the camera head 
in the 30 to 45° left anterior oblique position with a 15° 
caudal tilt. From this position, minor adjustments al- 
lowed for maximal separation of atrium from ventricle. 

Stored images were filtered separately and a Fourier 
analysis was performed at the fundamental frequency 
of heart rate on a pixel-by-pixel basis to create phase 
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and amplitude images. Using the unfiltered data, left 
ventricular regions of interest were constructed manual- 
ly in cine mode. The end-diastolic region was modified, 


as required, primarily at the atrioventricular border by — 


superimposition of the end-diastolic region on the de- 
rived phase and amplitude images. 

Background counts were determined automatically 
from a region 3 pixels lateral to the left ventricular 
free wall at end systole and checked to ensure they did 
not overlap the descending aorta. Left ventricular ejec- 
tion fractions and diastolic and systolic counts were de- 
rived from the unfiltered data. The ejection fraction 
was calculated as background-corrected end-diastolic 
counts minus end-systolic counts divided by end-diastol- 
ic counts times 100. Inter- and intraobserver variability 
for ejection fraction determination has previously been 
reported by our laboratory and was 0.90 and 0.86, re- 
spectively.'° A normal ventricular ejection fraction re- 
sponse to supine exercise was defined as a 5% increase 
in ejection fraction units,!>-!7 

Statistical analysis: Measured variables are ex- 
pressed as the mean + standard error of the mean. 
Standard linear regression analysis was performed 
to identify correlations between variables. A 2-tailed 
paired or unpaired Student ź test was used to compare 
changes between patients or means of independent ob- 
servations and p <0.05 was considered statistically sig- 
nificant. 


RESULTS 

Data at rest and peak exercise are listed in Table I. 
For the entire group, the average heart rate was 92 + 5 
beats/min and rose 62% at peak exercise to 149 + 4 
beats/min (p <0.0005). Systolic blood pressure at rest 
was 111 + 3 mm Hg and rose 34% to 149 + 4 mm Hg 
(p <0.0005 ). Mild systemic desaturation was present at 
rest in each patient, averaging 84 + 1%, and decreasing 
27% to 61 + 4% at maximal exertion (p <0.0005). 
There were no statistically significant intergroup dif- 
ferences. 

Ejection fraction at rest in group I was 58 + 3 vs 50 
+ 1% in group II (p <0.05) and was not different at 
peak exercise (57 + 4% and 52 + 3%, respectively, 
difference not significant). Neither group I nor II pa- 
tients had significant increases in exercise ejection frac- 
tion, with only 5 patients (numbers 4, 8, 9, 13 and 14) 
having normal responses (Figure 1). 

Count-based changes in end-diastolic and end-sys- 
tolic counts in group I revealed no change from rest 
(100 + 6% and 103 + 10%, respectively) and a de- 
crease in both end-diastolic and end-systolic counts (84 
+ 10% and 82 + 13% of resting values, respectively ) in 
group II. However, the count-based changes in volumes 
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TABLE I Exercise Data 


Heart Rate 
Peak (beat /min) 
Work Load 
(kpm/kg/min) 


M+SEM 
Group II 


102 
87+5 14747 108+5 


924+5 14944 1113 


6.9+0.6 
7.1 +0.4 


* p <0.05. 


14545 851 586 5243 
14944 8441 6l+4 5542 9346 9448 


Count-Based Volume 
Change (% Rest) 


Ejection 
Fraction (%) 


%EDC %ESC 


56 
46 
60 
73 


5744 


58 
44 
58 53 
44 45 
71 58 
77 55 


84410 82413 


M + SEM = mean + standard error of the mean; Peak Ex = peak exercise; SaO2 = oxygen saturation; SBP = systolic blood pressure; % EDC = relative end-diastolic counts; % ESC 


= relative end-systolic counts. 


were not statistically different between the 2 groups 
(Figure 2). 

Peak exercise work load averaged 7.1 + 0.4 kpm/ 
kg/min and the average exercise duration was 5.5 + 
1.6 minutes, with no differences between groups. No 
rhythm disturbances or ischemic changes were noticed 
on the monitoring electrocardiogram. 

There was a significant negative correlation between 
exercise ejection fraction and duration since palliative 
surgery for the combined data, although it was not ap- 
parent at rest (Figure 3). When analyzed separately, 
exercise ejection fractions in group I correlated nega- 
tively with the interval since palliative surgery (y = 
—1.163 X +66.233, r = 0.729, p <0.05), although the 


FIGURE 1. Ejection fraction response at 
rest and peak exercise. NS = difference 
not significant; SEM = standard error of 
the mean. 


Ejection Fraction (%) 





other group did not demonstrate such a relation be- 
cause of its relatively small number. 

The percent change in ejection fraction from rest to 
exercise correlated significantly with changes in end- 
systolic counts (Figure 4), but not with end-diastolic 
counts, for both groups. 


DISCUSSION 

The successful establishment of an atrial-dependent 
circulation requires an unimpeded circulatory pathway 
from atrial to ventricular filling. When applied in the 
appropriate setting, the mortality is low and quality of 
life after surgery is improved.’ In this context, data on 
the postoperative clinical course, complications, resting 
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and exercise hemodynamics have been previously re- as estimated by low cardiac output and stroke vol- 
ported.6-1! umes.!! Additionally, several reports have shown that 
Ventricular performance during exercise: Investiga- maximal exercise performance in patients after the 
tions performed during postoperative cardiac catheter- Fontan repair, although improved when compared with ~r 
ization have shown impaired ventricular performance, conditions before repair, is reduced when compared 


FIGURE 2. Percent change from rest to 

peak exercise from count-based data. All 
mean values at rest were considered as 0. 
EDV = relative end-diastolic volume; EF = 
o —— Group! ejection fraction; ESV = relative end-sys- 
tolic volume; SEM = standard error of the 
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with that in normal subjects.!’-2° Recently, using radio- 
nuclide techniques, Del Torso et al!’ reported supine 
resting and exercise data after Fontan surgery. Ejection 
fraction at rest for their entire group averaged 56 + 3% 
and did not increase appropriately in two-thirds of 
stressed patients, averaging 59 + 3%. These latter data 
suggest that abnormalities in ventricular performance 
during exercise are frequent in clinically well patients 
after the Fontan procedure. It also appeared from these 
data that patients repaired with a ventricular to pulmo- 
nary rather than an atrial to pulmonary connection had 
more normal ejection fraction responses, although an- 
other study has reported no difference in exercise re- 
sponse between these 2 surgical methods.7! 

Our data are in keeping with these reports, demon- 
strating abnormal ventricular function in patients with 
tricuspid valve atresia but, importantly, predating surgi- 
cal repair. Although heart rates and systolic blood pres- 
sures increased during exercise in all cases, only one- 
third of patients had a normal ejection fraction re- 
sponse. These changes in ejection fraction appeared 
dependent on the percent change in end-systolic counts 
(reflecting volume changes), suggesting an inherent ab- 
normality in contractility. 

A number of factors appear to play a role in the 
development of left ventricular dysfunction in this set- 
ting. Before the Fontan procedure, the dominant ven- 
tricular chamber functions as the only effective pump 
for both the systemic and pulmonary circulations. This 
unique hemodynamic status causes an increase in ven- 
tricular chamber volumes, which can occur as early as 
1 week of age.!? Furthermore, left ventricular dysfunc- 
tion has been related to the duration and magnitude of 
the volume overload after palliative shunting!*:'4 or to 
chronic hypoxemia. !? 


ESC 
x 
© 


FIGURE 4. Correlation between change in 100 
end-systolic counts (%ESC) and percent 
change ejection fraction (EF) for all cases. 80 
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Our data demonstrate a negative correlation be- 
tween ejection fraction response at peak exercise and 
the interval from palliative surgery, a correlation not 
apparent at rest. When analyzed by group, this correla- 
tion was stronger in patients who had undergone sys- 
temic to pulmonary shunt palliation. These findings 
suggest that abnormal performance is influenced by 
long-standing volume overload, can be concealed at rest 
and is not compensated for at peak stress. 

Influence of shunt type on ventricular performance: 
In the severely hypoxemic patient, palliation is consid- 
ered basically in preference to a primary Fontan proce- 
dure, particularly for patients aged <4 years.** The ca- 
val to pulmonary anastomosis may appear to be the 
most physiologic shunt, as it avoids an increased vol- 
ume load on the ventricle while delivering approximate- 
ly one-third of total systemic venous blood volume to 
the pulmonary circulation at low filling pressures.’ 
Furthermore, it may be considered as a first stage for 
subsequent Fontan surgery.7374 However, the caval to 
pulmonary (classic Glenn) shunt is an unsatisfactory 
operation in infants <6 months of age, due to the size 
of the pulmonary vessels. Additionally, in the newborn, 
pulmonary vascular resistance may be elevated and 
perfusion from a low pressure systemic venous vessel 
might not be possible. It is conceivable that the type of 
shunt used for such palliation may influence ventricular 
performance. This study was designed to address, at 
least in part, this question. Clearly, at rest, ejection 
fraction was depressed (54 + 2%) when compared with 
normal hearts (63 + 5%).?> Separating patients into 
those with high- (group I) and low-pressure (group II) 
shunts did not identify the anticipated benefit in those 
with a caval communication. Moreover, the response to 
dynamic exercise was abnormal in two-thirds of the pa- 
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tients, with no predictor in either group. It is not obvi- 
ous from these data (as the numbers are small) that 
a low-pressure shunt is preferable, at least to pre- 
serve ventricular performance before Fontan surgery. It 
would appear that long-standing hypoxemia, or perhaps 
a de novo abnormality in myocardial function, lends to 
a compromised ventricular response, and patients with 
pulmonary to systemic shunts might have further im- 
pairment due to volume overload. Additionally, the fre- 
quent abnormalities in cardiac function defined postop- 
eratively may relate to an underlying cardiac defect as 
much as to the form of palliative interventions. These 
data would support the notion of early correction to 
reduce the influence of volume overload and hypoxia 
within this morphologic substrate, in anticipation of 
better postoperative ventricular performance. 
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Impact of Intraoperative Echocardiography on 
Surgical Management of Congenital 
Heart Disease 


Ying-Hui Hsu, MD, Thomas Santulli, Jr., MD, Ah-Lin Wong, ARDMS, Davis Drinkwater, MD, 
Hillel Laks, MD, and Roberta G. Williams, MD 


intraoperative echocardiography was performed 
by epicardial, 2-dimensional, low- and high- 
pulsed repetition frequency, continuous-wave 
Doppler and color flow mapping in 50 patients. 
Forty studies were performed before and 44 
studies after cardiopulmonary bypass. 

Studies before cardiopulmonary bypass 
agreed with preoperative evaluation. After car- 
diopulmonary bypass, studies revealed that 11 
of 25 patients who underwent repair of ventricu- 
lar septal defects had residual ventricular septal 
defects, and 1 of 25 patients who underwent 
atrial septal repair had 1 residual atrial commu- 
nication. One patient with a “Swiss cheese” ven- 
tricular septum underwent repeat cardiopulmo- 
nary bypass to close residual ventricular septal 
defects. The patient with a residual atrial com- 
munication required immediate reoperation be- 
cause of a right to left shunt after a modified 
Fontan procedure. Eight of 10 remaining residu- 
al ventricular septal defects spontaneously 
closed 1 to 41 days after operation. 

Assessment of postcardiopulmonary bypass 
and postoperative valvular regurgitation in 21 
valves revealed good correlation (p <0.01). How- 
ever, 1 patient required reoperation for mitral 
valve replacement on the sixth postoperative 
day. The correlation was fair between postcar- 
diopulmonary bypass and postoperative residual 
stenotic pressure gradients in 12 surgically re- 
paired stenotic lesions. 

This study shows that little additional infor- 
mation is added to a comprehensive preoperative 
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evaluation by precardiopulmonary bypass intra- 
operative echocardiography. Postcardiopulmo- 
nary bypass intraoperative echocardiography is 
useful in identifying residual shunts. Assessment 
of stenotic gradients and valvular regurgitation 
must be interpreted in light of a changing hemo- 
dynamic state. 

(Am J Cardiol 1991;67:1279-1283) 


as a new tool for improving the surgical outcome 

in congenital heart disease, valvular heart disease, 
vascular disease and hypertrophic cardiomyopathy.'~° 
Echocardiographic procedures, 2-dimensional and con- 
trast echocardiography, pulsed and continuous-wave 
Doppler and color flow mapping have been used intra- 
operatively to assess the immediate surgical result in 
terms of valvular function, obstructive gradient, intra- 
cardiac shunting and ventricular function.'°7° We 
have applied these techniques to patients undergoing re- 
pair of congenital cardiac lesions in order to assess the 
additional benefit of intraoperative studies beyond that 
provided by following a comprehensive preoperative 
evaluation and to assess cardiac shunting, valvular re- 
gurgitation and valvular or subvalvular stenosis of post- 
cardiopulmonary bypass studies for intraoperative man- 
agement. 


I ntraoperative echocardiography has been applied 


METHODS 

From September 1988 to June 1989, intraoperative 
echocardiography was performed in 50 patients (mean 
age 4.2 years, range 3 days to 22 years) with congenital 
heart diseases. All of the patients had detailed preoper- 
ative diagnosis by echocardiography with (35 patients) 
or without (15 patients) cardiac catheterization and an- 
giocardiogram shortly before the surgery. The preoper- 
ative diagnoses are listed in Table I. 

There were 40 pre- and 44 postcardiopulmonary by- 
pass studies. Intraoperative echocardiography was per- 
formed with Interspec CFM-700 (Vingmed, Norway). 
During the studies the transducer was covered with a 
long sterile plastic sleeve. Ultrasonographic jelly provid- 
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Ventricular septal defect 

Atrial septal defect 

Atrioventricular septal defect 
Tetralogy of Fallot 
Dextrotransposition of great arteries 
Subaortic stenosis 

Heterotaxy syndrome 

Congenital mitral regurgitation 


Coronary arteriovenous fistula 

Levotransposition of great arteries, ventricular 
septal defect, pulmonary stenosis with left 
Ebstein's anomaly 

Postarterial switch dextrotransposition of 
great arteries with residual pulmonary stenosis 


Total 
* Two patients with aortic regurgitation, and 2 with multiple ventricular septal 
defects. 
t Two patients with pulmonary stenosis, and 1 with sinus venous-type atrial septal 
defect with partial anomalous pulmonary venous return. 
* Two patients with another muscular ventricular septal defect. 
$ One patient with ventricular septal defect. 


ed the coupling medium between the sleeve and trans- 
ducer face. The precardiopulmonary bypass study was 
performed after sternotomy, pericardiotomy and can- 
nulation. The postcardiopulmonary bypass study was 
performed after cardiopulmonary bypass before chest 
closure when the patient’s condition was stable. Epicar- 
dial echocardiography was performed by the cardio- 
thoracic surgeon assisted by a pediatric cardiologist. 
The basic echocardiographic planes were long, short 
and modified 4-chamber views. In complex congenital 
heart disease, atypical echocardiographic planes were 
recorded to obtain adequate anatomic and physiologic 
information. A 7.5-MHz high-frequency transducer 
was used in most studies and a 5-MHz transducer in 
others. The procedures performed were M-mode and 2- 





FIGURE 1. In the postcardiopulmonary bypass intraoperative 
echocardiographic study, the epicardial modified 4-chamber 
view showed that there was a baffle leakage with a residual 
interatrial communication (arrows) after the modified Fontan 
procedure in a 4-year-old patient with asplenism. IVS = inter- 
ventricular septum; LV = left ventricle; pyA = pulmonary ve- 
nous atrium; RV = right ventricle; svA = systemic venous atri- 
um. 








dimensional echocardiography, low- and high-pulsed 
repetition frequency Doppler, steerable continuous- 
wave Doppler and color flow mapping. Mean time used 
for intraoperative echocardiography was 8.6 minutes 
(range 2 to 29). Postoperative echocardiography was 
performed in 45 patients | to 41 days after surgery. We 
used intraoperative echocardiography to reevaluate the 
preoperative diagnosis and examine the adequacy of 
surgical repair in real time. Valvular regurgitation was 
evaluated by color flow mapping and pulsed repetition 
Doppler. Valvular regurgitation was graded into trivial, 
mild, moderate and severe by the extent of regurgitant 
flow visualized in the cardiac chamber on color flow 
mapping in 21 diseased valves (5 mitral, 6 tricuspid, 5 
aortic, 4 common atrioventricular and | St. Jude valve) 
of 17 patients. The assessment of valvular regurgitation 
was read independently by 2 cardiologists, and in a 
blinded fashion by 1 (RGW). 

Residual pressure gradients of 12 repaired valvular 
or subvalvular pulmonary and aortic stenoses were as- 
sessed by continuous- or high-pulsed repetition frequen- 
cy wave Doppler. Instantaneous peak flow velocity was 
used to calculate peak flow pressure gradient from a 
simplified Bernoulli equation. Calculated pressure gra- 
dients were determined after cardiopulmonary bypass 
and follow-up studies were compared. 

Statistical analysis: Comparison of valvular regurgi- 
tation over time (postcardiopulmonary bypass and fol- 
low-up) was analyzed using Spearman’s nonparametric 
rank correlation test. Comparison of Doppler gradient 
data measured from postcardiopulmonary bypass and 
follow-up studies were made using paired 1 test. 


RESULTS 

Comparison of precardiopulmonary bypass studies 
with preoperative diagnosis: No new significant infor- 
mation was obtained from 40 studies performed before 
cardiopulmonary bypass. There was no change in surgi- 
cal procedure. 

Postcardiopulmonary bypass studies for evaluation 
of adequacy of surgery: Of 44 patients who underwent 
postcardiopulmonary bypass studies, 2 (4.5%) were im- 
mediately placed on cardiopulmonary bypass for a sec- 
ond time and underwent repeat surgery because of un- 
satisfactory surgical results. The first patient with 
asplenia, atrioventricular septal defect, double-outlet 
right ventricle and pulmonary artery banding under- 
went modified Fontan procedure. Significant systemic 
arterial oxygen desaturation was noted after the proce- 
dure. The postcardiopulmonary bypass study revealed a 
residual interatrial communication (Figure 1) which 
was successfully closed. The other patient with a “Swiss 
cheese” ventricular septum, atrial septal defect and pat- 
ent ductus arteriosus underwent closure of the defects 
and ligation of ductus arteriosus, after which a signifi- 
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cant increase in oxygen saturation was noted. Postcar- 
diopulmonary bypass study revealed 3 residual muscu- 
lar ventricular septal defects (Figure 2) prompting re- 
operation for closure. 

Comparisons of residual shunt, valvular regurgita- 
tion and stenosis after cardiopulmonary bypass and 
follow-up studies: INTERATRIAL SHUNT: Closure of inter- 
atrial communication was performed in all 25 patients 
with interatrial shunts (Figure 3). No residual shunt 
was found in patients after either cardiopulmonary by- 
pass or follow-up study, except for the previously men- 
tioned patient who had undergone modified Fontan 
procedure for heterotaxy syndrome. 





FIGURE 2. In the postcardiopulmonary bypass intraoperative 
echocardiographic study, the epicardial modified 4-chamber 
view revealed that there were 3 residual ventricular septal de- 
fects, shown as 3 red and yellow jets (arrows) after closure of 
3 major ventricular septal defects in a 7-month-old patient 
with “Swiss cheese” ventricular septum. LV = left ventricle; 
RV = right ventricle. 


FIGURE 3. In a 22-year-old patient with atrial septal defect, 
bypass intraoperative echocardiographic 


study demonstrated a large secundum-type atrial septal defect 
with a transseptal color flow mapping. LA = left atrium; RA = 


right atrium; RV = right ventricle. 


INTERVENTRICULAR SHUNT: Twenty-five patients had 
isolated closure or combined ventricular septal defects. 
Postcardiopulmonary bypass studies revealed residual 
ventricular septal defects in 11 patients (44%). Except 
for the “Swiss cheese” ventricular septum, 10 of 11 de- 
fects were hemodynamically insignificant shunts by ox- 
imetry. Follow-up studies revealed spontaneous closure 
of the residual ventricular septal defects in 8 of 10. 

VALVULAR REGURGITATION: Twenty-one diseased 
valves in 17 patients were evaluated and severity of re- 
gurgitation was compared. There was a good correla- 
tion (p <0.01) in the grade of valvular regurgitation 
(Figure 4). A 10-month-old infant with severe congeni- 
tal mitral regurgitation underwent valvuloplasty; post- 
cardiopulmonary bypass study showed improvement to 
a moderate grade of regurgitation. However, she re- 
quired mitral valve replacement on the sixth postopera- 
tive day because of worsening mitral regurgitation and 
intractable congestive heart failure. 

VALVULAR OR SUBVALVULAR STENOSIS: In 12 patients 
with repair of stenotic lesions, a fair correlation (p 
>0.05) was seen in Doppler pressure gradients (Table 
IT). 
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FIGURE 4. Comparison of the degree of valvular regurgitation 
between postcardiopulmonary bypass and postoperative fol- 
low-up studies by color flow mapping echocardiography. 
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TABLE Il Comparison of Residual Peak Instantaneous 
Stenotic Gradients Between Postcardiopulmonary Bypass and 
Postoperative Follow-Up Studies 


Postoperative 
Follow-Up Study 
(mm Hg) 


Postcardiopulmonary 
Bypass Study 
(mm Hg) 


t = 0.676; p >0.05. 


DISCUSSION 

The preoperative assessment of patients undergoing 
repair of congenital heart disease must include a com- 
prehensive assessment of all cardiac chambers, valves, 
systemic and pulmonary venous return and great arter- 
ies.!? Functional assessment includes quantification of 
intracardiac shunts, pressure gradients, arterial pressure 
and resistances. Particular attention should be paid to 
the echocardiographic assessment of the muscular in- 
terventricular septum, venous anatomy and atrioven- 
tricular valve anatomy. Although precardiopulmonary 
bypass studies may increase confidence in the preopera- 
tive assessment,’ little information is available on previ- 
ously unsuspected residual abnormalities. 

Immediately after cardiopulmonary bypass, intraop- 
erative echocardiography may disclose important resid- 
ual intracardiac shunts,” residual gradients or valvular 
regurgitation.™!? Although the incidence of important 
residual abnormalities was low in our series, early rec- 
ognition of residual shunts in 2 patients allowed imme- 
diate intervention and improved surgical outcome. This 
is particularly important when multiple muscular ven- 
tricular septal defects are present or postcardiopulmo- 
nary bypass shunt is detected by oximetry. The assess- 
ment of residual gradients was hampered by the inabili- 
ty to measure cardiac output accurately during initial 
recovery from cardiopulmonary bypass because of the 
well-known inaccuracy of indicator dilution methods 
with low flow states. Because no patient in this study 
had unacceptable gradient relief, postcardiopulmonary 
bypass studies did not influence intraoperative manage- 
ment. Confounding variables are known to influence 
the quantification of valvular regurgitation by color 
flow mapping jet area. Although the variables of trans- 
ducer frequency and gain were controlled, the effects of 





changing hemodynamics on this assessment was evident 
by reoperation to replace a mitral valve in 1 patient. 
However, there still was a good correlation between 
postcardiopulmonary bypass intraoperative assessment 
of valvular regurgitation and follow-up studies. Other 
drawbacks of this study design were: (1) lack of time 
for complete pulsed wave mappings, (2) a limited 
acoustical window for Doppler interrogation, and (3) 
uncontrolled preload, afterload and cardiac output. 

This study was designed to reveal the use of intraop- 
erative echocardiography for surgical management of 
patients with congenital heart disease. We conclude 
that precardiopulmonary bypass adds little to preopera- 
tive evaluation by echocardiography and cardiac cathe- 
terization and that postcardiopulmonary bypass aids 
surgical management in some selected patients. Pa- 
tients were selected based on the likelihood of improv- 
ing intraoperative assessment; therefore, the method of 
patient selection did not confound results. 
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WISULELLANEVUS 


Effect of Autonomic Blockade, Postural Changes 
and Isometric Exercise on Doppler Indexes of 
Diastolic Left Ventricular Function 


Gary D. Plotnick, MD, James J. Kmetzo, MD, and John S. Gottdiener, MD 





Previous studies have demonstrated substantial 
changes in Doppler-derived indexes of left ven- 
tricular (LV) diastolic function in response to 
changes in loading conditions. To assess the in- 
fluence of autonomic reflexes on these index- 
es, 2-dimensional and Doppler echophonocardi- 
ography were performed in 8 normal male sub- 
jects before and during autonomic blockade (0.2 
mg/kg of propranolol and 0.04 mg/kg of atro- 
pine, intravenously) in the supine, passive up- 
right 80° tilt and passive leg-raised positions, 
and during supine isometric exercise. During 
autonomic blockade in the supine position, there 
were significant increases in transmitral peak 
late filling velocity (A) (mean + standard error of 
the mean +34 + 7%) and isovolumic relaxation 
time (+18 + 9%), and significant decreases in 
transmitral peak early filling velocity (E) (—20 + 
7%), deceleration time (—35 + 7%) and E/A ra- 
tio (-40 + 5%). E/A ratio decreased from 2.0 + 
0.1 to 1.2 + 0.1 with autonomic blockade. When 
either upright tilt or isometric handgrip exercise 
was combined with autonomic blockade, the pat- 
tern of diastolic filling became distinctly “‘abnor- 
mal,” with E/A ratio decreasing to 0.9 + 0.1. 
The effect of volume loading (increased end-dia- 
stolic volume and increased peak E) was seen in 
the legs-raised position only during autonomic 
blockade. It is concluded that autonomic block- 
ade substantially alters the Doppler indexes of 
LV diastolic filling and modifies both hemody- 
namic response and Doppler indexes produced 
by positional changes and by isometric exercise. 
(Am J Cardiol 1991;67:1284-1290) 
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espite growing interest in using radionuclide 
D angiography and echocardiography to measure 
left ventricular (LV) diastolic function,!-5 the 
assessment of intrinsic diastolic function remains elu- 
sive.” Noninvasive indexes of LV diastolic function, as 
well as the hemodynamically derived indexes, depend 
not only on the complex interaction between active and 
passive diastolic properties of the ventricle but are also 
greatly affected by loading conditions, heart rate, sys- 
tolic function, and age.!-348 Although change in a mea- 
surement of diastolic function after an intervention may 
be due to an intrinsic effect of the intervention on relax- 
ation or compliance, or both, it may merely reflect 
changes in heart rate, loading conditions or autonomic 
tone. We previously demonstrated that, in normal sub- 
jects, maneuvers such as simple postural changes, phar- 
macologic interventions and isometric exercise will alter 
measurements of diastolic function.? These maneuvers 
cause changes in multiple physiologic variables due to 
primary effects of the intervention in combination with 
reflex changes in autonomic tone. Thus, it has been ex- 
tremely difficult to isolate the effects of changes of 
loading conditions from the effects of changes in auto- 
nomic tone. 
This study was designed to determine the alterations 
in Doppler-derived indexes of LV diastolic function that 
occur in response to alterations in autonomic tone. 


METHODS 

Study subjects: The study group comprised 8 nor- 
mal volunteer men (mean age + standard error of the 
mean 30.5 + 1.0 years, range 29 to 37) without heart 
disease or hypertension. They were part of a larger, 
previously reported group who had technically high- 
quality normal M-mode, 2-dimensional and Doppler 
echocardiograms? and who agreed to participate in this 
autonomic blockade protocol. The subjects were receiv- 
ing no medication and were studied in the fasting state. 

M-mode and pulse-wave Doppler echocardiogra- 
phy: After placement of an intravenous catheter, the 
subject was placed on a motorized tilt table and supine 
studies were performed after a 15-minute waiting peri- 
od, with the subject flat or in a 10 to 40° left lateral 
decubitus position to optimize imaging. Two-dimen- 
sional directed M-mode echocardiography was per- 
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formed with commercially available ultrasound equip- 
ment (Hewlett-Packard 77020AC) and standard tech- 
niques. Measurement of LV end-diastolic dimension 
was made according to the standards of the American 
Society of Echocardiography.'° 

Transmitral flow recordings were obtained in an ap- 
ical 4-chamber view, with the sample volume placed in 
the mitral valve funnel at the mitral valve anular level. 
The Doppler signal was optimized by audio and visual 
feedback to obtain the recording with the highest veloc- 
ity, least spectral dispersion and greatest signal-to-noise 
ratio. Phonocardiograms (Cambridge Instrument, New 
York) were obtained to optimize recordings of the first 
high-frequency component of the second heart sound. 
Doppler signals, along with lead II electrocardiograms 
and phonocardiograms, were recorded on a strip chart 
recorder at a paper speed of 100 mm/s. Systemic blood 
pressure was obtained by an automatic blood pressure 
device (Spacelabs, Chatsworth, California) verified by 
manual technique during each phase of the study. 

Baseline and body position changes (Figure 1): Af- 
ter supine recordings, the subject was placed in a pas- 
sive 80° upright tilt and recordings were repeated. Af- 
ter each change in body position, recordings were de- 
layed for 10 to 15 minutes to allow hemodynamic 
equilibration. 

Additional measurements were obtained in the su- 
pine position, with legs elevated 60° in an attempt to 
increase LV volume. After return to the supine posi- 
tion, the subject performed isometric exercise using a 
hand-held dynamometer at one-third maximal volun- 
tary contraction for 2 minutes. Recordings were ob- 
tained during the last minute of the isometric exercise. 

Autonomic blockade: After a return to baseline he- 
modynamics and a waiting period of 15 minutes, 0.04 
mg/kg of atropine and 0.2 mg/kg of propranolol were 
administered intravenously over a 5-minute period in 
bolus increments in an alternating fashion, and the se- 
ries was immediately repeated with measurements simi- 
lar to those obtained before autonomic blockade ob- 
tained after each maneuver. 

The doses of intravenous atropine and propranolol 
selected were similar to those used previously to evalu- 
ate alteration in autonomic tone.!!-!? 

Doppler echocardiographic analysis: From the mi- 
tral inflow velocity recordings, a minimum of 5 cardiac 
cycles at end-expiration was averaged. Measurements 
were made from hard-copy recordings using a Summa- 
graphics digitizing tablet interfaced to an [BM-compat- 
ible computer using commercially obtained software. 
All Doppler profiles were traced at the outer contour of 
the wave form, as previously described.’ 

The following Doppler-derived indexes of ventricu- 
lar diastolic function were obtained: (1) magnitude of 
the early diastolic flow velocity peak (E); (2) magni- 


tude of late diastolic flow velocity peak (A); (3) ratio 
between the heights of the early diastolic flow velocity 
peak and the late (atrial) diastolic flow velocity peak 
(E/A ratio); (4) time interval from peak E and the 
point where early diastolic flow returned to baseline 
(deceleration time); and (5) time interval from the first 
high-frequency component of the second heart sound to 
the onset of the diastolic flow velocity wave form (iso- 
volumic relaxation). 

Statistical analysis: For each subject, 25 measure- 
ments in each phase were obtained and averaged. All 
data are expressed as mean + standard error of the 
mean. Comparison was performed by analysis of vari- 
ance with repeated measures. If the F statistic was sig- 
nificant to the 0.05 level, then paired ¢ tests were used 
to find where the difference existed. Linearity of rela- 
tion between 2 variables was assessed by linear regres- 
sion analysis; a p value <0.05 was considered statisti- 
cally significant. !4 


RESULTS 

Table I lists hemodynamic variables and Doppler- 
derived indexes of diastolic function during baseline su- 
pine, postural changes and supine isometric exercise be- 
fore and during autonomic blockade in the 8 normal 
subjects. Autonomic blockade in the supine baseline po- 
sition was associated with significant increases in heart 
rate, and systolic and diastolic blood pressures (Figure 
2). These hemodynamic changes were associated with 
substantial decreases in peak E velocity, E/A ratio and 
deceleration time, and with substantial increases in 
peak A velocity and isovolumic relaxation time. A sche- 
matic representation of the Doppler-derived transmitral 
filling pattern before and during autonomic blockade is 
shown in Figure 3. 

Changes in peak E velocity were inversely related to 
changes in diastolic blood pressure (r = —0.66, 


moi- 


SUPINE 









UPRIGHT LEGS UP SUPINE ISOMETRICS 


Ep lal — [oJ] 


AUTONOMIC BLOCKADE 


FIGURE 1. Study protocol. Baseline measurements were ob- 
tained with subjects at rest in the supine position (A) followed 
by 80° upright tilt (B) and supine legs-up (C) positions. After 
repeat resting supine (D) measurements, measurements were 


tilt (Bp), supine legs upright (Cp), repeat supine 
(Dp) positions, and during isometric exercise (Ep). 
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Hemodynamic variables and Doppler-derived index- 
es of diastolic function before and during autonomic 
blockade with each maneuver are shown in Figure 4. 
Before autonomic blockade in the tilt upright position, 
heart rate increased and LV end-diastolic dimension 
decreased, compared with supine baseline measure- 


p <0.05), changes in E/A were inversely related 
to changes in heart rate (r = —0.66, p <0.05), and 
changes in deceleration time were directly related 
to changes in heart rate (r = 0.81, p <0.01) and in- 
versely related to changes in systolic blood pressure (r 
= —0.76, p <0.05). 


TABLE I Measurements During Baseline, Postural Changes and Isometric Exercise Before and During Autonomic Blockade in Eight 


Normal Subjects 





Subject 


Heart rate (beats /min) 
Supine ae > ORS AS 87). 60). 76 * 54/82. 50> 93 oo - S&F ~52 r 98). 68 «67, 5242 81+3* 
Upright tilt Rey Of) go 7 BAS S200 75 ot S0y 80." 58 7B) GB ~ BPR CO ATA. 70 es 58 + 3* 79+2 
Legselevated 43 74 48 86 52 76 52 84 51 Gn’ 59° “90 «<S3 . 83: SB. NFO * E 82+2 
Supine eo Te Ag ER AF. TI Go) Fae” SONA 977 8457? 76 259. 85. 1 42 77+2 
lsometrics 61 74 49 82 53 71 65 8 64 76 63 86 68 79 59 78 60+2* 79+2 
Systolic blood pressure (mm Hg) 
Supine 131 130 109 140 124 125 110 125 112 #148 128 135 120 148 115 118 11943 134+ 3* 
Upright 128 127 115 105 128 130 110 108 115 92 130 135 118 116 123 115 121+3 116+5° 
Legselevated 135 145 115 140 125 138 112 132 117 140 118 140 125 153 113 118 12043 1393 
Supine 124 142 116 142 122 125 110 125 110. 130 tiar 133 128 143 111-124 11943 13343 
Isometrics 141 150 130 130 135 150 130 135 145 135 145 142 140 150 130 123 137 +3* 140+ 3' 
Diastolic blood pressure (mm Hg) 
Supine Gone 95. 75, 100. ..76' 88 75; 85 80 104. 83 - 90-.79 110 70 76 78+2 94+ 3* 
Upright Ge) G0 2-72" 88:81: 90.e 8.90 95°. 76/92 108) “ae Leo “e3 87 8843 90+3 
Legselevated 90 95 78 100 75 89 76 88 84 102 82 91 + 87 110 66 77 8043 9443 
Supine Boy et, (Se S 102) 90)" BB) 78 85-0 “80 SF el 94 82 100 72 84 BO 93+2 
Isometrics 98 110 82 104 90 90 85 95 110 104 100 102 95 110 75 82 93+4* 100+ 3' 
LV end-diastolic dimension (cm) 
Supine 90° 88 9.1 §2 *5.7:° 58-50 50! 49 252.54 54 652° 59 > 49 aie 5.2+0.1 5.30.1 
Upright 23 ioe 748.) 49.52 - §5' +43. 46° E LET: 50. 51. 48 Sa 430544 484+0.2* 50+0.1t 
Legselevated 5.4 57 55 54 62 62 46 51-50 54 57 57 5355 ‘42 9.0 52402 55401t 
Supine a 55.5.2 7°85) 6.6 5A5°5.0.' 48 ~ 510 $2) 5:2) (62> 62 » 6455.1. BA 5.2+0.1 5.3+0.1 
Isometrics WO) ee” 2) Sb Si) SE SO" SO e616 5:2 06 3; 5.3.5 5.380) BA Sou. bu 5.3+0.1 5.3+0.1 
E (cm/s) 
Supine Os > G7. = "58-84. 65. 28.72 71 89 60 64 63 73 53 59 §8 6844 53 + 5* 
Upright 51 Sh 49 26") SB |. 23.) 82° AGS} BBD. SF 246! BGs a / 4a” 36 49 + 2* 3343! 
Legselevated 59 45 63 47 64 38 74 79 #85 80 77 72 75 60: 61 57 70+3 60+6! 
Supine O44) 38 a.) Sa BE St ta r 68> 88» 56.’ 65- -581 = 70)" 50 S58, 2 62. Geto 51+5 
Isometrics 4 3% 54 24 44 2 53 #53 58 46 60 52 °62 “41 » 58° 52 54+ 3° 4144! 
A(cm/s) 
Supine oP ae Bek sad)” BS BO. 3] 44) Abe 82587 G2 hB7 dy 29% 96 9449 47+3* 
Upright 26.31 20: SA 23 31 a0 +), SB: BO aie SD 6g BB ae. Ai ate ihe seen A. 37 +31 
Legselevated 26 35 37 47 29 44 29 44 34 65 42 80 36 52 43 42 3442 5245 
Supine A 96, ae AG? 29) SP e G. N- AE 387 $8... Se Sa Ses 31+2 44+2 
Isometrics ee. * Bar) Bes AS eto 405° a 40 40 44 49 70 39 46 31 50 3543* 46+4 
E/A 
Supine SO Pe ALR OF 20) O8 23). 06 220. 226 17). £0 eb eee isi? 2.0+0.1 1.2+0.1* 
Upright CUT Se ES OB LS OF free ES 9 2:3: LOT ree OF. ee HOS “iy Gk 184+0.1* 0940.11 
Legs elevated 22.16) '1.7°. 10», 23° 09 (26 ne. 25° 13° E as. BY 4136 ‘24 14 2220.1 1.30.1 
Supine 7 AAH Y- NEE E < ORE ZY OB 260 “Gb 23") E VAS OST aae LATE F W Pe 2.1 +40.1 1.20.1 
Isometrics EOR EEA OM EO: OF TOA ES 1A 10-212" 162-16 506°" TOLLES 1540.1* 0940.1T 
Deceleration time (ms) 
Supine 112 697 115 250 123 86 119 156 136 182 162 213 130 146 115 158 127+6 161 + 19* 
Upright 145 160 296 310 119 75 161 202 166 320 132 298 199 187 162 179 173+20* 216430t 
Legselevated 85 57 123 132 123 88 121 164 143 214 149 230 134 131 125 189 12447 151 +21 
Supine 110 100 118 275 136 127 118 149 124 118 154 196 136 140 129 153 12845 157 +20 
Isometrics 88 77°99 333.109 81 99 129 99 210 121 239 128 142 128 165 109+45* 172+30 
Isovolumic relaxation time (ms) 
Supine Aen Ors... 2a.) Gs” WR 5 Fa 63. 37. : 42" “83 75-60 .73 58 82 6525 73+/7* 
Upright 99 110 100 119 108 126 90 103 63 73 102 102 87 103 79 81 91+5* 104+6! 
Legselevated 80 73 73 82 6l or. 769-7171 C4 BR IR P52, S60 a? ores, Bree E 7347 
Supine T E E RTE | 10869). v BB) at 79 78 60 78 68 81 66+5 7448 
lsometrics oS 85. 77 99 92 S84 68.74 54 » 62 9°85 93.568. 92. 66° 79 Fa + 6* 8247t 


* p <0.05 compared with preceding baseline supine value. 
t p <0.05 compared with preceding autonomic blockade supine value. 


A = peak late diastolic flow velocity; 
ventricular; SD = standard deviation. 
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B = baseline measurements; D = during autonomic blockade; E = peak early diastolic flow velocity; E/A = ratio of peak E to peak A; LV = left 


SS 


FIGURE 2. Percent change in hemody- 


blood pressure; DT = deceleration time; E 
= peak early diastolic flow velocity; E/A = 
ratio of peak E to peak A; EDD = end-dia- 
stolic dimension; HR = heart rate; IRT = 

isovolumic relaxation time; NS = not sig- 
nificant; SBP = systolic blood pressure. 

* p <0.05 compared with resting supine 

value. 


PERCENT CHANGE 


ments. This was accompanied by decreases in peak E 
velocity, peak A velocity and E/A ratio, and by in- 
creases in deceleration time. During autonomic block- 
ade in the tilt upright position, LV end-diastolic dimen- 
sion decreased but heart rate did not change and systol- 
ic pressure decreased. These changes in hemodynamic 
variables during autonomic blockade were accompanied 
by similar decreases in peak E velocity, peak A velocity 
and E/A ratio, and by increases in deceleration time 
and isovolumic relaxation time. 

Whereas elevation of the legs before autonomic 
blockade produced no hemodynamic or echo Doppler 
changes, elevation of the legs during autonomic block- 
ade was associated with increases in LV end-diastolic 
dimension, peak E velocity and peak A velocity. 

Before autonomic blockade, when the subjects per- 
formed isometric handgrip exercise, there were substan- 
tial increases in heart rate, and systolic and diastolic 
blood pressures. This was accompanied by decreases in 
peak E velocity, E/A ratio and deceleration time, and 
by an increase in isovolumic relaxation time. During 
autonomic blockade, when the subjects performed iso- 
metric handgrip exercise, heart rate no longer in- 
creased, whereas systolic and diastolic blood pressures 
continued to increase. This was accompanied by similar 
decreases in peak E velocity and E/A ratio, and by 
increases in peak A velocity. Neither deceleration time 
nor isovolumic relaxation time changed from the prior 
supine measurements when isometric exercise was per- 
formed during autonomic blockade. 
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DISCUSSION 

This study demonstrates that modification in auto- 
nomic tone substantially alters the Doppler-derived pat- 
tern of diastolic filling in normal subjects. After auto- 
nomic blockade, the resultant increased isovolumic re- 
laxation time, decreased deceleration time, reduced E 
velocity, increased A velocity and low E/A ratio are 
findings noted in patients with coronary artery dis- 
ease,!5 hypertrophic cardiomyopathy'® and hyperten- 
sion,!7 and this pattern has been associated with inva- 
sively determined abnormalities of relaxation.*'® It is 
now clear that neither invasive nor noninvasive indexes 
of diastolic function are independent of changes in 
heart rate, loading conditions or sympathetic tone.!~®* 

Factors known to influence Doppler indexes of dia- 
stolic function: Both the decrease in E velocity and E/ 
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supine position with isometric handgrip exercise) (right). Ab- 
breviations as in Figure 2. 
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A ratio and the increase in deceleration time may occur 
with decrease in preload,!°-?? increase in afterload!8:23 
or increase in heart rate,? whereas increase in A veloci- 
ty, which may occur with increase in heart rate, is op- 
posite to that expected from decrease in preload.!9-22 
Of note, afterload may have variable effects on diastolic 
indexes, depending on the relative contributions of LV 
relaxation and left atrial pressure. !8 

Effect of autonomic blockade on hemodynamics: su- 
PINE POSITION: The hemodynamic effects of atropine and 
propranolol measured in the present study in different 
body positions and with handgrip have been noted by 
others. ! 1-13,24-26 Importantly, the increase in heart rate 
with propranolol and atropine are less than with atro- 
pine alone,'? reflecting vagolysis as well as direct an- 
tichronotropic effects of propranolol. Although atropine 
and propranolol in combination maintained constant 
heart rate during positional change in our subjects, full 
autonomic nervous system blockade could not have oc- 
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curred because a-adrenergic blockade was not induced. 
Hence, increased blood pressure while supine with atro- 
pine and propranolol may reflect systemic vasoconstric- 
tion, withdrawal of 8 activity, or a combination of these 
factors. 

Changes in indexes of diastolic function with auto- 
nomic blockade while supine are explainable by in- 
creases in heart rate or blood pressure. Evaluation of 
atropine alone without propranolol was precluded by 
superimposition of E and A velocities occurring with 
higher heart rates when atropine was administered 
without propranolol. Although the effects of proprano- 
lol alone are uncertain, previous invasive studies suggest 
propranolol decreases LV relaxation.*° Further Doppler 
studies using fixed rate pacing during propranolol ad- 
ministration might be useful in this regard. 

UPRIGHT TILT POSITION: The decrease in E and A ve- 
locities and the prolonged deceleration time can be ex- 
plained by a lower left atrial pressure and by a decrease 
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FIGURE 4. Hemodynamic variables (A, opposite page) and 
Doppler-derived indexes of diastolic function (B, opposite 
page, and C) in each stage before and during autonomic 
blockade. All symbols represent values that are mean + stan- 
dard error of the mean: open symbols, values obtained before 
autonomic blockade; closed symbols, values obtained during 
autonomic blockade. * p <0.05 compared with previous rest- 
ing supine value. Abbreviations as in Figure 2. 


in driving force across the mitral valve?! consequent to 
the decreased preload suggested here by the measured 
decrease in LV end-diastolic dimension. Reflex vaso- 
constriction suggested by the increase in systolic blood 
pressure may also have contributed to the decrease in E 
velocity. 1823 

The addition of autonomic blockade to upright posi- 
tion resulted in a reversal of E/A ratio, mimicking the 
finding associated with impaired diastolic relaxation. 
It is uncertain whether autonomic blockade acts by 
impairing LV relaxation or by changing loading con- 
ditions. 

LEG-RAISED POSITION: Although elevation of the legs 
in an autonomically intact subject failed to produce 
changes in hemodynamic variables, ventricular size or 
diastolic function associated with volume loading after 
autonomic blockade, these changes (i.e., increases in 
LV end-diastolic dimension, peak E and peak A veloci- 


ties) were noted. Studies of volume infusion in humans 
and animals?”?8 have demonstrated similar changes in 
Doppler indexes of LV diastolic function independent 
of changes in LV relaxation. The enhanced volume 
loading caused by leg raising after autonomic blockade 
in our study may reflect increased venous return conse- 
quent to unopposed a-mediated vasoconstriction. 

ISOMETRIC HANDGRIP EXERCISE: Whereas the pressor 
response to isometric handgrip exercise before auto- 
nomic blockade has been ascribed to an increase in car- 
diac output with unchanged systemic vascular resis- 
tance, the pressor response to handgrip after autonomic 
blockade is related to unopposed a-mediated arteriolar 
constriction with no increase in cardiac output.?>° This 
substantial increase in afterload may explain the alter- 
ation in the Doppler transmitral filling pattern that we 
observed when isometric exercise was combined with 
the effects of autonomic blockade. Nishimura et al!® 
showed in dogs that increased afterload may decrease 
the time constant of relaxation (7), peak E velocity and 
E/A ratio. Whether the abnormal Doppler transmitral 
pattern produced in our normal subjects with combined 
autonomic blockade and isometric exercise reflects al- 
teration in loading conditions or an intrinsic effect on 
LV relaxation remains speculative. 

Conclusions: This study in normal subjects demon- 
strates a profound influence of autonomic tone on 
Doppler-derived indexes of diastolic function. Auto- 
nomic blockade substantially modifies both hemody- 
namic response and Doppler-derived indexes of diastol- 
ic filling in response to changes in loading conditions 
produced by positional changes and by isometric exer- 
cise, and abnormal transmitral filling patterns can be 
produced in normal subjects. Serial changes in these 
indexes can best be interpreted in the face of known 
loading conditions and stable autonomic tone. 
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Narrow QRS Mobitz Type Il Second-Degree 
Atrioventricular Block in Acute Myocardial 
Infarction: True or False? 


S. Serge Barold, MB, BS, FRACP 


type II second-degree atrioventricular (AV) 

block can occur in inferior wall acute myocardial 
infarction (AMI).!-© Furthermore, statements from 
well-known textbooks, “Mobitz Type II heart block oc- 
curs most often as a consequence of anterior myocardi- 
al infarction” 7 or “In a patient with AMI, Type I AV 
block usually accompanies inferior infarction, is tran- 
sient, and does not require temporary pacing, whereas 
Type II AV block usually accompanies anterior myo- 
cardial infarction, may require temporary pacing or 
permanent pacing” 8 imply that type II second-degree 
AV block, although rare, may occur in inferior wall 
AMI. Lamas et alt recently brought this issue into the 
limelight in their analysis of the Multicenter Investiga- 
tion of the Limitation of Infarct Size (MILIS) data 
when they concluded that narrow QRS type II second- 
degree AV block is not uncommon in AMI without 
specifying infarct location. 

Lamas et al* analyzed data from 698 patients with 
acute Q-wave and non-Q-wave AMI and proposed a 
scoring system to predict the occurrence of complete 
heart block so as to simplify the decision process related 
to the use of prophylactic temporary pacing. A com- 
plete heart block risk score was devised on the basis of 
abnormalities of AV or intraventricular conduction ap- 
pearing on the standard 12-lead electrocardiogram or 
electrocardiographic monitor recording. Major abnor- 
malities of AV or intraventricular conduction that oc- 
curred before the development of complete heart block 
were analyzed as potential predictors of complete heart 
block. Each of the following risk factors was assigned a 
score of 1: first-degree AV block, type I second-degree 
AV block, type II second-degree AV block, left ante- 
rior hemiblock, left posterior hemiblock, right bundle 
branch block and left bundle branch block. A patient’s 


S everal workers have indicated that narrow QRS 
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complete heart block risk score was calculated as the 
sum of the risk factors. The incidence of complete heart 
block was 5.4% in 38 of 698 patients. No difference in 
location of AMI was seen in patient groups with and 
without complete heart block. An increasing complete 
heart block risk score was associated with an increasing 
incidence of complete heart block (p <0.0001). The 
incidence of complete heart block was only 1.2% in pa- 
tients with a risk score of zero, 7.8% with a score of 1, 
25% with a score of 2, and 36.4% with a score of 23. 

In their study, Lamas et al* identified 19 patients as 
having Mobitz type II second-degree AV block classi- 
fied into 2 groups: (1) Four patients developed com- 
plete heart block, all of whom had a risk score of 22. 
(2) Fifteen patients did not progress to complete heart 
block. All patients in this group exhibited a narrow 
QRS complex according to data extrapolated from 
their Table II. Eight patients presented with isola- 
ted type II AV block (risk score = 1). Silver and 
Goldschlager® also indicated that the QRS complex 
may be normal in type II second-degree AV block re- 
lated to inferior wall AMI due to occlusion of a large 
posterior descending artery and suggested the block 
might be within the His bundle. Hayes? also stated 
with reference to inferior wall AMI, “in the minority of 
patients, higher grades of AV block (Mobitz II and 
complete heart block) will develop and these patients 
will require temporary pacing if they are hemodynami- 
cally unstable.” 

If accepted as true, data from the MILIS data bank 
would strongly suggest that Mobitz type II second-de- 
gree AV block is not as ominous a predictor of com- 
plete heart block in AMI as previously believed.* On 
the other hand, a diagnosis of type II second-degree 
AV block carries the connotation of a poor prognosis 
and may lead to the insertion of a permanent pacemak- 
er. 

The purported incidence or even existence of narrow 
QRS type II second-degree block in AMI is difficult to 
understand. This study examines this occurrence in 
terms of (1) definition of type II second-degree AV 
block, (2) pathology of AV block in inferior wall AMI, 
(3) incidence of infranodal block in inferior wall AMI, 
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(4) incidence of narrow QRS AV block in anterior wall 
AMI, (5) induction of intra-Hisian AV block in experi- 
mental AMI, (6) occurrence of intra-Hisian block with 
anteroseptal AMI in humans, and (7) validity of the 
MILIS study in the light of all these considerations. 

1. Definition of Mobitz type Il second-degree atrio- 
ventricular block: According to the definition codified 
by the World Health Organization’ and the American 
College of Cardiology!® (both in 1978), type II second- 
degree AV block is defined as the occurrence of a single 
nonconducted P wave associated with a constant PR 
interval before and after the blocked impulse, provided 
there are 22 consecutive conducted P waves (i.e., 3:2 
AV block) to determine the behavior of the PR inter- 
val. 2:1 AV block cannot be classified into type I or II 
and is best considered as advanced block, as are higher 
degrees of block such as ratios 3:1, 4:1, and so forth. 
Many workers have since adopted these definitions.!!~!4 

2. Pathology of atrioventricular block in inferior 
myocardial infarction: Bilbao et al! described the 
pathologic findings in hearts of 30 patients dying of 
posterior AMI in association with AV block, and found 
acute lesions involving the atrial and prenodal fibers in 
29 of the 30 hearts (97%) from patients with AV block, 
whereas most of the hearts without AV block showed 
no lesions. Only 11 of the 29 hearts (37%) displayed 
acute changes in the AV node or His bundle, or in 
both. The actual number with His bundle involvement 
was not specified. Hackel et al!® confirmed these find- 
ings in an autopsy study of 17 hearts with inferior wall 
AMI and complete heart block. The atrial approaches 
to the AV node were involved with infarction in 9 of 17 
cases, the AV node in 4 of 17 cases, the His bundle in 2 
cases and the posterior left bundle in 3 cases. Ohkawa 
and Hackel!” studied 7 hearts from patients who died 
of right ventricular AMI with AV block. They found 
necrosis of the AV node in 3 cases, His bundle in 2 
cases, left bundle in 3 cases and right bundle in 1 case. 
Despite the small number of cases, this study suggests 
that the His bundle and bundle branches may be more 
frequently involved in the presence of a right ventricu- 
lar AMI complicated by AV block, but further studies 
are required to confirm this association. 

3. Infranodal atrioventricular block in inferior myo- 
cardia! infarction: AV block associated with inferior 
wall AMI is almost always located in the AV node. 
The occurrence of infranodal AV block within the bun- 
dle of His in inferior wall AMI, although rare, should 
not be surprising because of the pathologic changes ob- 
served in the His bundle at autopsy.'>-'® Only a few 
cases of AV block within the His bundle have been 
reported,'?? some preceded by second-degree type I 
AV block on the surface electrocardiogram.?0-3 Pa- 
tients with infranodal AV block may exhibit a variety 
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of abnormalities demonstrable only with an electro- 
physiologic study: (1) infranodal third-degree AV 
block!?:20.23; (2) second-degree AV block below the site 


of recording of the His bundle potential, e.g., 2:1 AV ` 


block! 3°-32 (Guerot et al?? reported 1 case of second- 
degree type II intra-Hisian block in inferior wall AMI, 
but previous electrocardiograms clearly demonstrated 
that the block antedated the AMI); (3) first-degree in- 
tra-Hisian block with prolongation of the HV inter- 
val*4-27,29,31; and (4) split His bundle potentials reflect- 
ing delay in intra-Hisian conduction,?®?2-30.31 although 
some workers?® may have overestimated the occurrence 
of split His bundle potentials (H,-H2) by not meticu- 
lously ruling out other causes of double potentials (part 
of the atrial complex or right bundle branch poten- 
tial).3435 

Intra-Hisian type II second-degree AV block has 
been documented in many conditions other than 


AMI.*°?7 Yet I could not find, in any published report, ~ 


electrocardiograms showing true type II second-degree 
AV block (as previously defined) secondary to inferior 
wall AMI, even in patients with a variety of infranodal 
conduction disturbances. The documentation of intra- 
Hisian block in inferior wall AMI suggests that true 
type II second-degree AV block is theoretically possible 
in this situation, but as yet unreported. Thus, type II 
second-degree AV block in AMI occurs invariably in 
patients with anterior wall AMI complicated by bundle 
branch block.*83? A wide QRS complex with AV block 
in inferior wall AMI does not exclude AV nodal 
block,*° because the combination of bundle branch 
block and AV nodal block is not uncommon in this 
situation. 

4. Narrow QRS AV block in anterior acute myocar- 
dial infarction: Narrow QRS type II second-degree 
block has not been reported as a complication of anteri- 
or wall AMI. In this regard, Gould et al?’ reported 
prolongation of the HV interval in sinus rhythm with- 
out bundle branch block in 2 patients with anterior 
AMI. Only 1 patient with an HV interval of 80 ms 
during supraventricular conduction developed transient 
complete AV block with a narrow QRS, but His bun- 
dle recordings were not done during AV block to deter- 
mine the site of the lesion. Two other patients from the 
study of Gould et al?’ who presented with anterior wall 
AMI without bundle branch block and with a normal 
HV interval developed transient 2:1 AV block, site un- 
known. 

5. Experimental induction of intra-Hisian block in 
acute myocardial infarction: Ligation of the anterior 
septal artery in a dog causes infarction of the upper 
portion of the proximal His-Purkinje system (including 
the His bundle and proximal bundle branches) and 
leads to intra-Hisian block (in 74% of the experi- 
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ments),*! occasionally manifested as type II second-de 
gree AV block. Intra-Hisian block is isolated (without 
bundle branch block) in only 26% of the cases.*! How- 
ever, narrow QRS intra-Hisian AV block has not been 
documented in patients with anterior wall AMI, proba- 
bly because occlusion of only the proximal septal 
branches does not occur as an isolated abnormality in 
humans. 

6. Anteroseptal acute myocardial infarction with in- 
tra-Hisian block in humans: In 1978, El-Sherif et al42 
presented evidence of longitudinal dissociation in the 
His bundle in 4 patients with acute right bundle branch 
block secondary to anterior wall AMI because dis- 
tal His bundle pacing normalized the QRS complex. 
These observations were recently extended by Cortadel- 
las et al who reported 9 patients with anteroseptal 
AMI, new-onset right bundle branch block and normal 
HV interval in whom His bundle pacing also produced 
' transient normalization of intraventricular conduction. 
Normalization of intraventricular conduction with dis- 
tal His bundle pacing suggests localized damage or 
ischemic involvement of that part of the His bundle 
where grouping of predetermined fibers to the right 
bundle branch has already taken place. 

7. Validity of the Multicenter Investigation of the 
Limitation of Infarct Size study: Lamas et al‘ did not 
define type II second-degree AV block in their study. 
However, Lamas indicated subsequently that type II 
second-degree AV block was diagnosed when there was 
a sudden failure of AV conduction without a progres- 
sive increase in PR interval (Lamas G, personal com- 
munication), an imperfect definition with loopholes that 
may allow some type I AV blocks to be labeled as type 
II.44 Consequently, it is highly probable that Lamas et 
al* classified as type II second-degree AV block cases 
that should have been identified as type I block with 
atypical sequences,*> or apparent type II AV block 
linked to hypervagatonia.*© Furthermore, in the pres- 
ence of a narrow QRS complex, the association of ap- 
parent type II with type I AV block excludes the diag- 
nosis of true type II AV block in virtually all the 
cases.*’ Therefore, the purported association of types I 
and If AV second-degree block with a narrow QRS 
complex in 6 patients from the MILIS study must re- 
main suspect. The incidence of type II second-degree 
AV block is <1% in AMI.38:48 Lamas et alt claimed a 
2.7% incidence of type II AV block (19 patients) in 
their 698 patients, providing further proof that they 
may have overestimated the number of patients with 
type II second-degree AV block. 

Wharton and Goldschlager*? postulated that some 
- cases from MILIS may actually have represented type 
I second-degree AV block in which the Wenckebach 
periodicity was not easily measured or may have been 


high-grade intra-Hisian block, possibly with a more be- 
nign prognosis than infra-Hisian block. Rosenfeld>® 
who seemed to accept the validity of the MILIS study, 
however, commented that none of the patients with 
narrow QRS type II second-degree AV block (risk 
score = |) developed complete heart block despite tra- 
ditional concerns that this is a particularly worrisome 
abnormality. 

In light of the aforementioned considerations, it is 
difficult to accept the conclusions of Lamas et al* about 
the incidence (or existence) and prognosis of narrow 
QRS type II second-degree AV block in AMI. By the 
same token, the following statement from a major car- 
diology textbook*® also appears incongruous consider- 
ing that no clear-cut case of narrow QRS type II sec- 
ond-degree AV block in inferior wall AMI has been 
published: “Patients with inferior infarction with tran- 
sient Type II second degree AV block or complete AV 
block without an associated intraventricular conduction 
defect do not appear to require permanent pacing.” It 
would be interesting to reexamine the MILIS data by 
applying a stricter definition to type II second-degree 
AV block. In all likelihood, not a single case of true 
type II second-degree AV block with a narrow QRS 
would be found. 

In 1980, Scheinman and Gonzalez>! wrote that 
“classic Type II AV block has not been documented in 
patients with acute inferior myocardial infarction,” and 
this statement is still true today. The existence of true 
type II second-degree AV block with a narrow QRS 
complex remains to be documented in AMI, particular- 
ly inferior wall AMI. Ablation of AV nodal conduction 
produced by injection of a chemical into the AV nodal 
artery may provide further insight into this question. 
There is need for provocative discussion of this impor- 
tant clinical question, and observers who are able to 
document the existence and prevalence of true type II 
second-degree AV block in inferior wall AMI are urged 
to publish their findings. 
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Update of Effects of Calcium Antagonists in 
Myocardial Infarction or Angina in Light of the 
Second Danish Verapamil Infarction Trial 
(DAVIT-II) and Other Recent Studies 


Salim Yusuf, MB, MRCP, DPhil, Peter Held, MD, PhD, and Curt Furberg, MD, PhD 


a calcium antagonist compared with placebo or in 
addition to standard therapy on mortality and ma- 
jor morbidity in all the available randomized clinical 
trials of patients with myocardial infarction (MI) or 
unstable angina.! We concluded that there was no evi- 
dence of overall benefit on mortality or reinfarction 
with treatment. Analyses by the type of agent (nifedi- 
pine, diltiazem or verapamil) or the timing of initiation 
of treatment did not indicate any obvious statistical het- 
erogeneity. However, we noted a trend toward more 
deaths and MIs among patients treated with nifedipine 
(an agent that increases heart rate) compared with con- 
trol subjects and a trend toward fewer reinfarctions in 
trials of diltiazem and verapamil (agents that decrease 
heart rate). The latter observation emerged during ex- 
ploratory analyses, and we had therefore recommended 
a test of this data-derived hypothesis in future trials. 
During 1990, results from 3 long-term trials have 
been reported, 2 trials of an agent belonging to the di- 
hydropyridine class in stable angina pectoris and anoth- 
er of verapamil after MI.?-4 These trials are often dis- 
cussed in isolation rather than in the context of data 
from all trials of calcium antagonists. The purpose of 
this update is to examine the consistency of the results 
of these 3 trials with the previously published overview 
and to assess the impact on the overall evidence of in- 
cluding these new data. 


I n 1989, we published an overview of the effects of 


NIFEDIPINE AND NICARDIPINE 

Lichtlen et al? randomized 425 patients with stable 
angina to receive 80 mg/day of nifedipine or placebo 
for 3 years. At the end of 3 years, there was no differ- 
ence in the proportion of patients demonstrating angio- 
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graphic progression or regression of existing coronary 
atherosclerosis. Fewer patients allocated to nifedipine 
developed “new lesions,” compared with patients allo- 
cated to the control group. However, this difference 
was not statistically significant. There were 12 deaths 
among those in the nifedipine group, compared with 2 
in the control group (p <0.05). This excess in deaths 
was reported to have occurred mostly in the subgroup 
of patients with a history of MI. Similar numbers of 
randomized patients in the 2 groups were reported to 
have had nonfatal MI. 

Waters et al? randomized 383 patients with stable 
angina pectoris to receive 30 mg of nicardipine 3 times 
a day or placebo for 2 years. There was no difference in 
the proportion of patients in the 2 groups that demon- 
strated progression or regression of existing lesions by 
coronary arteriography. However, in a subgroup of 217 
patients with minimal disease, fewer treated patients 
demonstrated development of new lesions (p = 0.05). 
There were 2 deaths and 14 patients who had an MI in 
the nicardipine group, compared with 3 deaths and 8 
patients with an MI in the placebo group. 

The results of the 2 angiographic trials are consis- 
tent in demonstrating that these agents have little effect 
on existing atherosclerosis, moreover, the results indi- 
cate an adverse trend toward more deaths and nonfatal 
MIs among those receiving the active therapy. The 
clinical significance of the post hoc observation of fewer 
new angiographic lesions in patients receiving calcium 
antagonists is uncertain and speculative at this time. 

In the previously published trials of dihydropyridine 
calcium antagonists, there was a trend toward more 
deaths (365 of 4,731 in the active group vs 330 of 4,733 
in the control group) and more reinfarctions (124 of 
3,645 vs 111 of 3,680, respectively) in the active group 
compared with the control group. The addition of the 
more recent data further exaggerates these adverse 
trends on mortality (379 of 5,137 in the treatment 
group vs 335 of 5,135 in the control group; odds ratio 
1.16) and the development of subsequent MI (138 of 
3,837 in the active group vs 119 of 3,871 in the control 
group; odds ratio 1.19) (Table I). 
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(overview) 
Waters et al? (1990) 14/192 
Lichtlen et al? (1990) ?/214 
Total 138/3,838 (3.5%) 
+2/214 







reinfarction, or both, has a Z = 2.29, which has a nominal p value of <0.02. 
Cl = confidence interval. 


Active 






Verapamil 

Held et al! (1989) 149/1,766 

(overview) 

DAVIT-II* (1990) 95/878 

Subtotal (verapamil) 244 /2,644 
Diltiazem 

Held et al! (1989) 180/1,574 
Total 424 /4,218 (10.0%) 






Verapamil 

Held et al! (1989) 54/1,728 

(overview) 

DAVIT-II* (1990) 84/878 

Subtotal (verapamil) 138/2,606 
Diltiazem 

Held et al! (1989) 113/1,557 
Total 251 /4,163 (6.0%) 






* Z = 2.61; p <0.01. 


VERAPAMIL 

Recently the Danish Study Group on Verapamil in 
Myocardial Infarction reported the results of the sec- 
ond Danish Verapamil Infarction Trial (DAVIT-II) on 
mortality and reinfarction.* In assessing the weight of 
the evidence from this trial, it is important to review its 
aims and methods, as stated in the protocol of this trial 
(Mellemgaard K, personal communication), and to 
then interpret the results in the context of the overall 
data. 

The aim of the study was to assess the effect of 
verapamil on total mortality alone (primary end point) 
and in combination with reinfarction (first major event, 


TABLE I Update on Trials of the Effect of Dihydropyridine Calcium Blockers on Mortality and Subsequent Infarction 


(no. of events /no. of patients) 


Mortality 


Held et al! (1989) 365/4,731 330/4,733 1.13 (0.97-1.32) 
(overview) 
Waters et al? (1990) 2/192 3/191 0.66 (0.06-1.9) 
Lichtlen et al? (1990) 12/214 2/211 4.4 (1.5-12.6) 
Total 379/5,137 (7.4%) 335/5,135* (6.5%) 1.16 (0.99-1.35) 
2 = 1.86; p = 0.07 


p = not significant 


* If death and reinfarction reported in the trials are largely independent of each other, then the data on both the end points can be combined. In this case, the excess in death or 


TABLE Il Update on Trials of Calcium Antagonists That Slow Heart Rate (Verapamil, Diltiazem) 


(no. of events /no. of patients) 


Mortality 





DAVIT-II = the second Danish Verapamil Infarction Trial; other abbreviation as in Table |. 
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147 71,752 1.01 (0.79-1.28) 
119/897 0.79 (0.06-1.05) 
266/2,649 0.91 (0.76-1.1) 

181/1,577 0.99 (0.80-1.24) 
447 / 4,226 (10.6%) 0.95 (0.82-1.09) 









64/1,727 0.83 (0.57-1.21) 
1077/897 0.78 (0.58-1.05) 
171/2,624 0.80 (0.63-1.01) 
142/ 1,560 0.79 (0.61-1.02) 
313/4,184 (7.5%) 0.79 (0.67—0.94)* 












secondary end point). Patients receiving a 8 blocker 
were excluded from participation. The initial method of 
analysis stated in the protocol was the 2 X 2 contingen- 
cy table. If this method is used, the statistical signifi- 
cance of the difference in mortality (95 of 878 verapa- 
mil vs 119 of 897 control subjects; Z = 1.58; odds ratio, 
0.79 with 95% confidence intervals of 0.60 to 1.05) and 
on the end point of the first major event (146 of 878 
verapamil vs 180 of 877 control subjects; Z = 1.87; 
odds ratio, 0.79 with 95% confidence interval of 0.62 to 
1.01) are promising but do not achieve conventional 
levels of statistical significance (2-tailed p = 0.15 for 
mortality and p = 0.07 for first major event). If stan- 
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dard methods of life-table analyses, such as the log- 
rank test, the Tarone-Ware test or the generalized Wil- 
coxon tests are used, then the difference in the first 
major event (but not mortality) reaches a nominal sig- 
nificance level of p <0.05. From a statistical perspec- 
tive, although the life-table methods are more sensitive 
and preferable in a long-term trial, the p value obtained 
from these analyses should be interpreted with caution, 
in view of the fact that no corrections were made for 
multiplicity of testing the effects on several end points 
or for multiple looks during interim monitoring. From a 
clinical perspective, since this trial did not allow the use 
of 6 blockers, the findings would require some extrapo- 
lation if verapamil is to be used in conjunction with a 6 
blocker. Alternatively, the results only apply to those 
with clear contraindications to 8 blockers, yet who are 
suitable to receive verapamil. Nevertheless, when taken 
in conjunction with previously available data on verapa- 
mil, the results indicate a favorable trend on the risk of 
reinfarction (138 of 2,606 in the verapamil group vs 
171 of 2,624 in the control group). Diltiazem, which 
also lowers heart rate, appears to have a similar effect 
(113 of 1,557 reinfarctions in the diltiazem group vs 
142 of 1,560 in the control group) (Table II). An over- 
view of all mortality data, however, does not provide 
evidence of either benefit or harm with either agent 
(Table II). 


IMPLICATIONS 

“Updates” of overviews are important in continuing 
to assess the totality of the evidence of interventions. 
This approach is preferable to interpreting the results of 
new studies in isolation, but suffers from the problems 
of statistical multiplicity. Precise levels of statistical sig- 
nificance are difficult to attribute to a particular analy- 
sis. Therefore, results from overviews should only be 
accepted if the levels of statistical significance are ex- 
treme (e.g., p <0.001). In the case of the present over- 
view, the earlier observations suggestive of an adverse 
outcome with nifedipine (and perhaps other dihydro- 
pyridine calcium antagonists) appear to be reinforced 
with the new data. The recent DAVIT-II study results 
appear to support our earlier data-derived hypothesis 
that calcium antagonists that lower heart rate may re- 
duce nonfatal reinfarction.!4 However, the favorable 
nonsignificant trend on mortality observed in DAVIT- 
II with verapamil requires confirmation. Retrospective 
analysis of DAVIT-I, excluding deaths within the first 
2 weeks and those without a confirmed MI, suggested 


that verapamil may reduce late mortality. Such analy- 
ses are methodologically very questionable and thus dif- 
ficult to interpret, because they exclude a large propor- 
tion of all randomized patients. The slightly higher 
mortality observed early in patients randomized to re- 
ceive verapamil indicates that the remaining patients in 
the 2 groups may no longer be comparable. 

Data indicating that 8 blockers and antiplatelet 
agents reduce both mortality and reinfarction in the 
acute phase and long term after MI are clear and over- 
whelmingly significant.°-? However, the evidence favor- 
ing the use of calcium antagonists is much weaker. 
Even if one subdivides these data by agent and focuses 
on the most promising results by agent (verapamil), the 
evidence of benefit on nonfatal reinfarction is only mod- 
est, and the evidence for a reduction in mortality is 
weak. Therefore, it would be prudent to recommend 
the use of 8 blockers and aspirin in preference to any 
calcium antagonist for secondary prevention in patients 
with MI. If 8 blockers are contraindicated or not toler- 
ated, then it might be appropriate to consider using a 
calcium antagonist that slows heart rate (such as vera- 
pamil) as an alternative for secondary prevention in ap- 
propriate patients. 
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FROM THE EDITOR 


Singapore and Singaporean Cardiology 


r. P. J. (Figure 1) is a 39-year-old Chinese inva- 
D sive cardiologist at the National University 

Hospital in Singapore and an Associate Profes- 
sor of Medicine. He arises each day in his well-to-do flat 
at 7 A.M., leaves for the hospital at 7:30, and arrives at 
the hospital at 8:00 A.M. He usually spends the mornings 
in the catheterization laboratory, and in the afternoon he 
sees patients, teaches students and house officers, and 
leaves for home at 7:00 P.M., arriving about 7:30 P.M. 
Dinner has been prepared by his 34-year-old wife, the 
mother of 1 son and pregnant with another. After dinner 
there is more work until he retires at midnight. This 
routine continues Monday through Friday. Saturday, 
work in the hospital is from 8 A.M. to 1 P.M., and on 
Sundays he returns only to visit his private patients. For 
his work at the University Hospital he is paid the equiva- 
lent of $6,000 monthly, plus he is able to retain 80% of 
the professional fees for the private patients he sees. If he 
saw no private patients he would receive $1,500 monthly 
from the hospital. Because he sees private patients, his 
income from this activity is about $6,000 monthly, so 
that his total monthly income is about $12,000. In addi- 
tion, he receives 42 days’ vacation leave each year, | 
week of which is called compassionate leave (for illness in 
his family), and 2 weeks’ leave each year for medical 
meetings. Also, he serves in the armed forces about 2 
weeks a year because of his being in the reserves. More- 
over, he receives 9 months every 5 years for sabbatical 
leave, during which time he is paid his full salary plus 
additional expense money of about $2,000 monthly. 
Twenty percent of his income is retained by the hospital, 
which adds another 20% each month. This money serves 
as his retirement, which is mandatory at age 60 and 
optional at age 55. The built-up retirement is paid at the 
time of retirement as a lump sum; it is not taxable; 
indeed, it is a tax deduction. He may also use all or 


1298 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





FIGURE 1. Left: Dr. P. J. Center: Dr. D. R. N. Right: Dr. Oon Chong Hau. 


portions of this money as a down 
payment for a home. As an inter- 
ventional cardiologist his pay is 
higher than most other members 
of the department of medicine. 
Dr. D. R. N. (Figure 1), a 45- 
year-old Chinese cardiologist, is in 
private practice. He was the first 
in Singapore to do coronary angio- 
plasty and that was in 1984. Since 
then, about 2,000 angioplasty pro- | 
cedures have been done by the 12 invasive cardiologists in 
Singapore. As a private cardiologist he charges about 
$2,500 for coronary angioplasty, limited by all cardiolo- 
gists thus far in Singapore to only 1 or 2 coronary arteries 
per patient. In his office he has all the modern cardiologic 
equipment, plus he dispenses—as do nearly all private 
physicians in Singapore (also in Malaysia, Hong Kong, 
and Japan)—drugs he prescribes to his patients. If he 
pays the pharmaceutical company $150 for a 100-tablet 
bottle of simvastatin, for example, he sells the filled bottle 
to a patient for $200. This custom is considered standard 
procedure in Singapore and Dr. D. R. N. receives about 
a third of his income from this activity. Despite his 7 
office employees and his high-rent-district office, his 
overhead amounts to only 25% of his income. About 50% 
of his patients pay him during the time of the visit; the 
others later. Because malpractice law suits are nearly 
nonexistent in Singapore, malpractice insurance may not 
even be necessary. He does not have the perks of his 
university counterpart, Dr. P. J., but his income is con- 
siderably greater and he can work past the age of 60 if he 
wishes. His wife is a plastic surgeon and they have 3 
children. Their home is one of the finest in Singapore. 
I met Doctors P. J. and D.R. N. in Singapore in 
March 1991 while participating in the Third Asian Pa- 
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cific Symposium on Cardiac Rehabilitation organized by 
Dr. Oon Chong Hau (Figure 1). The trip, my third to 
Singapore, provided an opportunity to see more of the 
gracious Singaporeans and to learn more of their enor- 
mously impressive city-state. 

Singapore consists of a relatively flat (most former 
hills have been used to fill in swamps and to reclaim land 
from the sea), formerly swampy island 42 km in length 
from east to west and 23 km from north to south with an 
area of 570 km? (225 square miles) and approximately 
56 smaller islands, half of which are tiny. The total land 
area is 636 km?, which is smaller than New York City, 
but 55 km? of that is from landfill. Singapore is located at 
the southern tip of the Malay peninsula 80 miles north of 
the equator (Figure 2). The average maximum and mini- 
mum temperatures are 31 and 24°C, respectively. The 
relative humidity in the early morning usually exceeds 
90% and rain falls all year round. 

Although inhabited since the 1300’s, when Sir Thom- 
as Stamford Raffles (1781-1826), an official of the En- 
glish East India Company, landed on January 18, 1819, 
less than 1,000 persons inhabited the island, nearly all of 
which was covered with dense lowland tropical rain for- 
est, where tigers, leopards, wild boars and mustang 
roamed.! Solid rock underlay the jungle. Raffles an- 
chored his 8 small ships with 130 men, including 100 
Indians, at the mouth of the Singapore River and the 
next day signed an agreement with the local Malay chief- 
tain to permit the British to set up a trading post. To 
establish Singapore as a thriving trading port that would 
secure British interests in the Orient, Raffles, a visionary 
intellectual and a humanitarian, saw Singapore as a well- 
sheltered harbor and from the beginning made her a free 
port with open immigration. As a consequence, immi- 
grants, particularly from China but also from Malay and 
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FIGURE 2. Map of Southeast Asia (/eff) and of Singapore (righf). 


India and elsewhere, flocked to the island, intent on 
saving money and then returning to their homelands. 
From its beginning, Singapore flourished; it was a 
natural center for southeastern Asian trade. By 1821, 
Singapore had 5,000 inhabitants, by 1824, 11,000, and it 
was becoming a cosmopolitan town.! In 1824, Raffles 
negotiated a new treaty with the local sultans, who ceded 
the entire island to the British in return for increased 
pensions and cash payments. In 1826, Singapore became 
part of the British Straits Settlements together with Pe- 
nang and Malacca and by 1832 was the center of govern- 
ment of these settlements, which became a Crown Colo- 
ny in 1867. In 1869 the Suez Canal opened and steam- 
ships began replacing sailing ships and therefore needed 
coaling stations. Singapore’s key location as the major 
waterway between Europe and the far east, the expan- 
sion of colonial rule in southeast Asia, and its deep water 
harbor made it flourish even more rapidly. When rubber 
and tin production started flourishing in the Malay pen- 
insula by about 1900, Singapore became the major ex- 
porting center of the world for both products. Today, 
Singapore is Asia’s busiest port and ranks with New 
York and Rotterdam as the busiest in the world. 
Singapore’s rapidly expanding economy attracted 
ever-increasing numbers of immigrants. By 1911 the 
population was >185,000, and men outnumbered wom- 
en by 8 to 1!! About 75% were Chinese. The predomi- 
nantly young adult male population consisting primarily 
of transients, who did not regard Singapore as home, 
made Singapore a relatively violent place. Prostitution 
prospered. Taverns were everywhere. Opium smoking 
was rampant. By about 1850 it was estimated that 20% 
of the entire population and 50% of the Chinese popula- 
tion were opium addicts.' Addicts became beggars living 
on rotten fish and decaying vegetables and ended up in 
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prison or in the pauper hospital or were driven to suicide. 
The opium trade was the mainstay of the government’s 
revenue up to the twentieth century. Poverty, malnutri- 
tion, overcrowding and heavy opium smoking devastated 
the immigrants during the first 75 or so years of Singa- 
pore. The island was the prison for the convicts of the 
Asian British empire for the first 50 years of its existence 
and, therefore, many derelicts were shipped to Singa- 
pore. Most of the still-present impressive government 
buildings and infrastructure were built by convict labor, 
including Fort Canning, St. Andrew’s Cathedral, a town 
hall, a court house, a general hospital, a lunatic asylum, 
Government House, Istana, various bridges across the 
Singapore River, etc. The Chinese gradually lost their 
control over immigration, labor, prostitution, and for a 
period switched their interest to gambling, which was 
widespread. It was not until 1890 or after that the gov- 
ernment was able to control the band of thugs who ex- 
torted “protection money” from shops, gambling dens, 
opium dens, brothels and hawkers. The final banishment 
of the secret Chinese societies, which controlled crime, 
was not until the 1890’s, when law and order finally 
became part of the Singaporean society. 

The disparity between the numbers of men and wom- 
en was obviously a major social problem. The ruling class 
wanted to promote Chinese female immigration to en- 
courage permanent settlement, to divert shifting rootless 
youths from crime, to curb the secret societies’ hold over 
prostitution, and to stem the drain to China of family 
remittances that could have been used to develop Singa- 
pore. It was not until 1933 that the Aliens Ordinance 
imposed for the first time a monthly quota on male 
immigration. Shortly thereafter there was a free flow of 
female immigration and, as a result, a population that 
had always been transient sank roots as more women 
arrived and families were formed. 

World War II changed Singapore forever. The island 
fell to the Japanese forces on February 15, 1942, and 
remained under their control for 3.5 years. After the war 
the British never really recovered the prestige they had 
enjoyed earlier. Singapore became a separate Crown 
Colony in April 1946 while Penang and Malacca became 
part of the Federation of Malaya in 1948. But this exis- 
tence was short. In 1959 Singapore became a self-gov- 
erning state. In 1963, Singapore became part of Malay- 
sia, but on August 4, 1965, broke this brief marriage and 
became an independent country. 

Independent Singapore was established as a republic 
with a parliamentary system of government. Its constitu- 
tion provided for a ceremonial, figurehead president as 
head of state, elected by Parliament every 4 years. The 
power, however, lay in the prime minister, who was a 
member of Parliament and who commanded the confi- 
dence of the elected members (initially 58, later 81) of 
the single-chamber Parliament. The Cabinet, formed by 
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the prime minister, consists of 14 other ministers who 
also are members of Parliament. Voting in elections by 
Singaporeans is compulsory. 


The priorities of the new government after indepen- . 


dence were industrialization, elimination of unemploy- 
ment, higher income levels and decent housing for all. 
Many multinational companies were attracted to Singa- 
pore and they brought not only technology and skills but 
also worldwide markets for their products. The work 
force was hardworking, the unions cooperative, and the 
rest is history. 

Today, Singapore is a bustling, modern, clean, safe, 
prosperous, comfortable, green, noisy, and friendly me- 
tropolis containing 2.7 million people (12,000 per square 
mile), 77% of whom are Chinese, 15% Malays and 6% 
Indians, and 365,000 cars, trucks and buses and maybe 
as many motorcycles.” Singapore is a major port, a major 
shopping center, the transport hub of the Orient, and the 
most advanced city in Southeast Asia. Everything works, 
the country is super rich, and the parks and greenery 
make it look like a campus. Modern, air-conditioned 
skyscrapers abound and from one 73-story hotel (Westin 
Stamford) the entire island, i.e., country, can be seen on a 
clear day.’ About half of the island is built up and the 
other half contains forest, marsh and tidal waste, and still 
a few farms. About 85% of the population live in the 
abundant high-rise apartment buildings built by the gov- 
ernment, which encourages the occupants to buy their 2-, 
3- and 4-bedroom living quarters.4 The majority do. 
Households now average 3.8 persons, down from 5.1 only 
16 years ago.° For many years the government encour- 
aged only 2 children per family, but because of a labor 
shortage 3 children per family have been encouraged in 
recent years. Its subway (42-km tract) is one of the best 
in the world. 

Free enterprise flourishes in Singapore. Shipbuilding, 
oil refining, electronics, banking, textiles, food, rubber, 
lumber processing and tourism are its industries.” Singa- 
pore is the strongest of the 3 pacific dragons (Hong Kong 
and Republic of China [Taiwan] being the other 2).° Its 
economy has expanded by 8 to 10% during most of its 
years of independence, and its unemployment (<2%) 
and inflation (+3%) rates are low.® The newspapers are 
loaded with advertisements of job openings. Manufac- 
turing is gradually being replaced by research and devel- 
opment, banking and other services. The per capita 
income of Singaporeans is $14,000 yearly, second only 
to Japan among the non-oil-producing nations of the 
Orient.4 

The success of modern Singapore is reflected in its 
airline—Singapore Airlines (SIA )—which is the most 
profitable (a 24% after-tax margin)’ and the most popu- 
lar carrier in the world,® and the biggest company in 
Singapore.’ Compared with other international carriers, 
SIA has the highest percentage of filled seats (79%), the 
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youngest plane fleet (average 4.6 years), it spends the 
most on meals, and it has the youngest flight attendants. 
(The women comprise 40% of the attendants and they 
must retire by age 40; the male attendants do not have to 
retire until age 55.’) The government currently owns 
54% of SIA but plans to reduce this stake to 30%.’ The 
modern and beautiful Changi Airport in Singapore is one 
of the world’s finest and it is used by 54 international 
carriers. 

To keep Singapore clean and its citizens safe and 
healthy, the government under Cambridge-educated Lee 
Kuan Yew, its prime minister who served from 1956 to 
1990, passed many laws. Jaywalkers are fined $50, litter- 
ing of any kind costs $1,000, and anyone caught smoking 
indoors in any public building must part with $500. 
Possession, consumption or trafficking of drugs in small 
amounts (10 to 15 g) will result in 10 to 30 years in 
prison, a $20,000 fine and 5 to 15 lashes; larger amounts 
(>15 g) result in the death penalty (hanging).? Not 
flushing a public toilet is against the law.!° A local bro- 
mide goes: “Singapore is a fine city; there’s a fine for 
everything.”!° Mr. Lee has carried on national cam- 
paigns to exhort citizens to smile more, to act more polite. 
When the high-rise apartments were first introduced, a 
drive was initiated to stop men, who had previously lived 
in slums, from urinating in the elevators.'! The govern- 
ment ordered the landlords to install devices that sounded 
alarms and jammed the doors as soon as urine hit the 
elevator’s floor.!! The government with relative little re- 
sistance has maintained public morality. No strip joints, 
no adult book stores and no “girlie” magazines are avail- 
able in Singapore. 

Although Singapore has 21 political parties, the gov- 
ernment since 1959 has been run by one political party 
and, for its first 31 years, by the same prime minister. 
Although young Singaporeans joke about their authori- 
tarian government, no one seriously proposes change— 
even though the domestic press is stringently controlled 
and the foreign media are increasingly suppressed. Satel- 
lite dishes that can receive broadcasts of the Cable News 
Network are banned and both the respected Far East 
Economic Review and the Asian Wall Street Journal 
are no longer available in Singapore because these media 
have criticized the Singaporean bureaucrats.'° Never- 
theless, the same strong-willed, intolerant, puritanical 
government is a graft-free one and this government is 
responsible for providing the high standard of living of its 
citizens, its safe streets and the excellent housing. To 
prevent graft, the higher government officials are ex- 
tremely well paid. The prime minister is said to be the 
highest paid in the world and his cabinet officers also are 
= well compensated. 

Historically, despite its constant damp heat, marsh 
and swamp, rotting vegetation, filth and stench, Singa- 
poreans have always been relatively healthy.' Malaria 


and leprosy were always uncommon and cholera and 
smallpox occurred only in the most overcrowded nine- 
teenth century slums.! In the 1950s, the major causes of 
death in Singapore were tuberculosis, gastroenteritis, 
pneumonia, and various childhood infections. By the 
1980s coronary artery disease and cancer were the 2 
major killers of Singaporeans, each accounting for ap- 
proximately 25% of deaths. The mortality rate from 
coronary artery disease is greatest among their Indian 
population, their rate being about twice that of the Ma- 
lays and Chinese in Singapore. From 1960 until 1985, 
the percentage of calories from fat of the Singaporeans 
increased enormously, consumption of meat and offal 
increased 135%, and egg consumption increased 80%. 
Physical activity from 1960 to 1985 decreased in women 
(not men), obesity frequency increased, and smoking 
from 1960 to 1977 increased but since has decreased. 
Singapore aims to be a smoke-free nation.'* The heart 
disease rate per 100,000 Singaporeans now is 120.° Sin- 
gapore has overtaken Australia in having the highest 
mortality rate from coronary artery disease in Asia. Eat- 
ing and food are the first items of conversation among 
Singaporeans. (They rarely talk about the weather be- 
cause it is always the same—hot and humid.) McDon- 
ald’s and most of the fast-food chains flourish in Singa- 
pore. They have eaten well over 14 million hamburgers, 
an average of about 14,000 per day. It has the second 
fastest growing aging society in the world and this fact 
worsens its heart disease problem. The average lifespan 
of Singaporean women is 77 years, and men, 73 years. 
It is no surprise that heart disease is now so rampant 
in Singapore. Coronary artery disease has increased 
roughly in proportion to its per capita income. The aver- 
age serum total cholesterol level in adult Singaporeans 
without clinical evidence of myocardial ischemia is now 
228 mg/dl (5.9 mmol/liter) and among those with clini- 
cal evidence of myocardial ischemia, 239 mg/dl (6.2 
mmol /liter).'%:!4 These levels rank Singaporeans fifth 
highest in the world; only Finland, Norway, the United 
Kingdom and Germany have higher levels. Among Sin- 
gaporean adults, 55% have serum total cholesterol levels 
>200 mg/dl (5.2 mmol /liter),!* and 27% of Singapor- 
eans have levels >250 mg/dl (6.5 mm /liter).!? The low- 
density lipoprotein and high-density lipoprotein choles- 
terol levels among the adult Singaporeans with and with- 
out clinical evidence of myocardial ischemia average 163 
and 39 mg/dl, respectively, and the total to high-density 
lipoprotein cholesterol ratio, 6.3. The serum triglyceride 
levels usually are <160 mg/dl (2.1 mm/liter). 
Medicine in Singapore compares with the best in the 
world. Its 20 hospitals (7 government, 3 government 
being restructured to private, and 10 private), with near- 
ly 10,000 beds, provide modern equipment and facilities 
for treatment and rehabilitation.° In 1990, approximate- 
ly 3,300 physicians provided care for the 2.7-million pop- 
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ulation, a doctor-population ratio of 1:825.!5 Singapore, 
therefore, in contrast to Europe and probably the USA, 
does not have too many physicians. A higher percentage 
of their physicians each year are specialists. 16 

Its one medical school graduates 150 physicians year- 
ly but graduates abroad also enter Singapore each year. 
For many years the medical school was attracting the 
best students and their admission was based purely on 
meritocracy, the results of a written examination. The 
University /Government believed that this occurrence 
prevented other disciplines from obtaining their fair 
share of talent and that this state of affairs could have 
serious consequences for the country. Consequently, now 
only 15% of the top 10% of students can get into medical 
school and the other 85% are selected from the pool of 
students just under the top 10% of the pre-medical school 
classes.! Although women’s rights are entrenched in 
Singapore’s constitution, women can constitute no more 
than a third of the medical school classes (because 
“many married women doctors are not as economically 
productive as their male counterparts and the country 
cannot afford the luxury of giving women an education in 
Medicine.”’).!° 

Cardiology in Singapore is now high-tech, as in most 
other developed countries. Coronary angioplasty and by- 
pass flourish. There are only 12 cardiologists doing angi- 
oplasty and only 12 cardiac surgeons in Singapore. 
About half of the cardiac operations are coronary bypass, 
about 25% are valve operations, and about 25% are for 
congenital cardiovascular anomalies. The cardiac sur- 
geons, of course, are financially secure in Singapore as in 
most other parts of the world. There is considerable 
emphasis on preventive cardiology in Singapore, more so, 
— I suspect, than in the USA. 

Health care accounts for 2.7% of the gross national 
product in Singapore (in the USA and Germany it is 11 
to 12%), but the percentage is rising.> Costs of medical 
care are paid for primarily by the patient.!7:!8 In hospi- 
tals, the type of bed occupied by a patient determines the 
cost: 80% of the C class beds are subsidized by the 
government; the class B1, B2 and A beds are not govern- 
ment supported and are more expensive. To help people 
pay for the type of bed they choose, the government 
introduced Medisave in 1989. With this plan, individuals 
can use up to a sixth of their retirement savings (contrib- 
uted to by their employer) to pay for approved medical 


bills, but only up to a maximum of $15,000. In 1990, 
MediShield, a low-cost medical insurance plan, was in- 
troduced to provide further help in meeting individual 
health costs. 

Thus, as skyscrapers rise, as traffic increases, as sub- 
ways are introduced, as per capita income rises, and 
as modern medicine becomes available, atherosclerotic 
plaques increase in number and size. Singapore is anoth- 
er example of how “progress” is equated with coro- 
nary artery disease. A major challenge is to provide 
“progress” without providing atherosclerotic plaques. 
The answer simply is not to spend the increased monies 
on FAT. 


Ban C Rit 


William Clifford Roberts, MD 
Editor in Chief 
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Today, the benefits of modular 
design are more significant than 
ever. Because now, with the HP 
Component Monitoring System, 
you can configure your patient 
monitors to meet different needs. 


The system’s modular design 
gives you the flexibility to mix 
and match all the system com- 
ponents. So it truly meets the 
needs of the patient, the clini- 
cian and the physical demands 
of the unit, assuring that you'll 
have the information needed to 
make diagnostic decisions more 
quickly and confidently. 


It also means you can buy the 
capabilities you need now, and 
then add new technologies as 
they become available without 
sacrificing your investment. 


The unique modular design is 
also easier to maintain. But 
that’s not surprising, since we 
were rated #1 by hospital profes- 
sionals in the 1989 Servicetrak 
Patient Monitoring Survey by 
IMS America. 


So call 1-800-542-2351, ext. 
1052 and learn more about how 
all the pieces can fit together. 


Kip HEWLETT 
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observe drug abuse. Because 
illegal drugs, even in small 
doses, almost always produce 
eye signs. So perform a 
simple, 1-minute rapid eye 
test to easily identify the 
influence of drugs. Then you 
can look the drug problem 
right in the eye. 


Is your patient 
abusing drugs? 
The answer may 
be in her eyes. 


f° 
sc 


General Redness of sclera; Ptosis: 


observation 


Glazing (film over cornea); 
Excessive tearing of one or 


both eyes; Swelling of eyelids 


Dilation; Constriction 


Slow, sluggish, or absent 
response 


Pupil size 
Pupil reaction 


Nystagmus 
of movements 

Inability to track or hold the 
cross-eyed position 
Corneal reflex Decreased rate of blinking 


Tennant F. The rapid eye test to detect drug abuse. 
Postgrad Med. 1988;84:109 -114. 


Convergence 


Retracted upper lid (walleye or 
bug-eye); white sclera visible 
above iris, causing blank stare 
or exophthalmic appearance; 


Failure to hold gaze; Jerkiness 


Send for a copy of a journal 
reprint, which details the 
procedures and common eve 
signs of various drugs. 
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Address 

City <a State = Zip Code 
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CORONARY ARTERY DISEASE 
1303 
Comparison of Rubidium-82 Positron Emission Tomography 
and Thallium-201 SPECT Imaging for Detection of Coronary 
Artery Disease 
Richard E. Stewart, Markus Schwaiger, Edgar Molina, Jeffrey Popma, 
Gerald M. Gacioch, Morton Kalus, Sheila Squicciarini, Ziad R. Al-Aouar, = 


Anthony Schork, and David E. Kuhl 


The diagnostic performance of rubidium-82 positron emission tomogra- 
phy (PET) and thallium-201 single photon emission-computed tomogra- 
phy (SPECT) in detecting coronary artery disease was compared in 81 
patients. Sensitivity, specificity and overall diagnostic accuracy were as- 
sessed using both visually and quantitatively interpreted coronary angio- 
grams. Rubidium-82 PET and thallium-201 SPECT revealed similar 
sensitivities in patients with and without prior myocardial infarction. In 
contrast, rubidium-82 PET had a significantly higher specificity (88 vs 
53%) in detecting significant coronary artery stenosis (>50% ). There was 
no significant difference in diagnostic performance between imaging mo- 
dalities when 2 different modes of stress (exercise versus dipyridamole) 
were employed with SPECT imaging. Thus, rubidium-82 PET provides 
improved specificity compared with thallium-201 SPECT in detecting 
coronary artery disease, most likely because of attenuation correction 
provided by PET. 





p p RA SM N AS Ste ee NF he rE! Ne ge A 
Dobutamine Digital Echocardiography for Detecting Coronary 
Artery Disease 

Jerald L. Cohen, Trevor O. Greene, John Ottenweller, Steve Z. 
Binenbaum, Samuel D. Wilchfort, and Chung S. Kim, with the technical 
assistance of John R. Alston 


Dobutamine echocardiography was evaluated for detecting coronary ar- 
tery disease (CAD) in 70 patients presenting for coronary angiography. 
Dobutamine was infused from 2.5 to 40 ug/kg/min, with digitized echo- 
cardiograms recorded at baseline, during low- and high-dose dobutamine 
infusion, and at recovery. Compared with coronary angiography, the 
overall sensitivity of dobutamine echocardiography was 86%, specificity 
95% and accuracy 89%. The accuracy of detecting multivessel CAD by 2 
methods was 71 and 84%, respectively. Patients with 3- and 2-vessel CAD 
developed ischemia at a lower heart rate, systolic blood pressure, rate- 
pressure product and dose of dobutamine than did patients with 1-vessel En 
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yarameter without the need for exten- 
sive ancillary equipment. 

Synchrony II. Excellence in 
JDDR pacing. 
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Pacesetter” Systems, Inc. 
A Siemens Company 

12884 Bradley Avenue 

Sylmar, CA 91342 


SOLUS" SSIR. 


All the diagnostic 
advantages of Synchrony II 
in a single-chamber unit. 


Solus provides exceptional single- 
chamber, sensor-controlled perfor- 
mance, all the features necessary for 
easy, efficient programming and patient 
follow-up, as well as 10-year longevity 
at nominal settings. 

Solus. Excellence in SSIR pacing. 


S-171 95 Solna 
Sweden 


1 800 777-2237 


Siemens-Elema AB 
Pacemaker Division 


PHOENIX’? SSI. 


Extensive programmability 
in an exceedingly small package. 


An especially small size—6 mm 
thin, 23 grams—and long life (seven 
years at nominal settings) make the 
Phoenix2 pulse generator ideal for 
small and thin patients. 

Phoenix2 Excellence in SSI pacing. 


For further information, contact 
your Pacesetter representative, or call 
1 800 777-2237 

Synchrony II. Solus. Phoenix2. 
New standards of excellence. 


Siemens Electric Ltd. 


Medical Systems Division 
1180 Courtney Park Drive 
Mississauga, Ontario L5T 1P2 
(416) 564-1995 
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CAD. Dobutamine echocardiography appears to be an excellent test 
detecting CAD. 


1319 

Usefulness of Esmolol in Unstable Angina Pectoris 

Stefan H. Hohnloser, Thomas Meinertz, Thomas Klingenheben, Barbe 
Sydow, and Hanjorg Just, for the European Esmolol Study Group 


The hemodynamic and antiischemic effects of esmolol, an ultra-sh 
acting 8 blocker, were examined in 113 patients with unstable ang 
Compared with placebo, esmolol reduced the incidence of clinical eve 
such as acute infarction or the need for urgent revascularization. | 
drug significantly reduced heart rate and blood pressure without evide 
of development of tolerance during an infusion period of up to 
hours. Adverse effects could be managed immediately by downward c 
titration. 


8 TEL ESP nse ss as AAMT of Per a AY Beet siya eR ted 
Effects of Hemoperfusion During Percutaneous Translumina 
Coronary Angioplasty on Left Ventricular Function 
Jose R. Azpiri, Robert J. Chisholm, Kenneth R. Watson, and 
Paul W. Armstrong 
The effect of autologous blood perfusion, delivered through an an; 
graphic power injector, on alleviating left ventricular (LV) hemodyna 
deterioration during percutaneous transluminal coronary angiopl: 
(PTCA) was examined. LV systolic and diastolic pressure, LV p 
positive and peak negative first derivative of left ventricular press 
- (dP/dt), and ST-segment shift were recorded in 9 patients with | 
without hemoperfusion. Hemoperfusion resulted in an improved LV 
modynamic profile during balloon occlusion, as reflected in LV syst 
pressure (127 + 14 vs 120 + 15 mm Hg, p = 0.01), LV end-diast 
pressure (17 + 14 vs 25 + 6 mm Hg, p <0.001), peak positive (1,23’ 
240 vs 1,149 + 225 mm Hg/s, p <0.05) and peak negative (1,666 +. 
vs 1,485 + 385 mm Hg/s, p = 0.003) dP/dt. Hemoperfusion provi 
substantial protection for significant LV dysfunction induced by conv 
tional PTCA in 1-vessel angioplasty and is a feasible option to pro’ 
against potential cardiovascular collapse in high-risk PTCA. 


REE SI Re ANA EU Pe RO Re COME ale 
Detection of Intracoronary Fibrin Degradation After Corona 
Balloon Angioplasty 

Michael E. Ring, John J. Vecchione, Louis D. Fiore, Nicholas A. Ruocc 
Jr., Alice K. Jacobs, Daniel Deykin, Thomas J. Ryan, and David P. Fax 


Intracoronary fibrin degradation was assessed by translesion blood sz 
pling for assay of D-dimer levels in 31 patients undergoing coron 
angioplasty. Initial studies suggested that D-dimer, a product of plasm 
mediated proteolysis of cross-linked fibrin, is not subject to signific 
catheter-induced artifact. In 20 patients in whom translesion coron 
samples for plasma D-dimer levels were collected before balloon dilati 
there was no evidence of ongoing intracoronary fibrinolysis (proxima 
lesion D-dimer levels, 289 + 145 ng/ml; distal, 299 + 156 ng/ml; dif 
ence not significant). After coronary angioplasty (n = 31), there wa 
Continued on page A24 


A18 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 JUNE 15, 1991 


oetter lipid: manageme 


1991 E.R. Squibb & Sons, Inc., Princeton, Nd 0541-507 Issued: Ma 








CONTENTS/ABSTRACTS 


relatively small but significant (p <0.001) increase (45 + 71 ng/ml) in 
translesional D-dimer levels. These results suggest that intracoronary 
fibrin degradation frequently occurs after coronary angioplasty, presum- 
ably in response to balloon-induced arterial injury and fibrin formation. 
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Comparison of Usefulness of High-Dose Dipyridamole 
Echocardiography and Exercise Electrocardiography for 
Detection of Asymptomatic Restenosis After Coronary 
Angioplasty 

Salvatore Pirelli, Gian B. Danzi, Antonia Alberti, Daria Massa, Giacomo 
Piccal6, Francesco Faletra, Eugenio Picano, Luigi Campolo, and 
Claudio De Vita 


The present study compares the relative usefulness of maximal treadmill 
exercise electrocardiography and high-dose dipyridamole echocardiogra- 
phy in detecting severe restenosis or coronary artery disease progression in 
asymptomatic patients 12 months after a primary successful coronary 
angioplasty. Eighty-seven patients entered the study. For detection of 
restenosis or disease progression, or both, exercise electrocardiography 
had a similar sensitivity to dipyridamole echocardiography, but a lower 
specificity. We conclude that high-dose dipyridamole echocardiography is 
as equally feasible, but more accurate than, exercise electrocardiography 
for the noninvasive detection of severe asymptomatic restenosis or disease 
progression at 1 year after successful coronary angioplasty. 
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Validation of Continuous Radionuclide Left Ventricular 
Functioning Monitoring in Detecting Silent Myocardial 
ischemia During Balloon Angioplasty of the Left Anterior 
Descending Coronary Artery 

David S. Kayden, Michael S. Remetz, Henry S. Cabin, Lawrence |. 
Deckelbaum, Michael W. Cleman, Frans J. Th. Wackers, and 
Barry L. Zaret 


Ambulatory monitoring of left ventricular (LV) function with the VEST 
has demonstrated LV dysfunction thought to be silent myocardial isch- 
emia. To validate the demonstration of silent ischemia with this technique, 
12 patients were studied during coronary angioplasty. Eighteen left anteri- 
or descending balloon inflations (8 + 2 atm) lasting 70 + 16 seconds were 
continuously monitored. LV ejection fraction decreased >0.10 in 17 of 18 
inflations (0.53 + 0.08 to 0.28 + 0.11, p <0.0001). The decrease in 
ejection fraction was caused by a major increase in end-systolic volume 
(+69 + 43%, p <0.001), and minimal increase in end-diastolic volume 
(+4 + 3%, p <0.003). Only 10 inflations were associated with pain, and 7 
with >0.1 mV electrocardiographic ST-segment changes. LV dysfunction 
preceded both pain and electrocardiographic changes. These data suggest 
that continuous monitoring of LV function with the VEST during angio- 
plasty can sensitively demonstrate silent ischemic LV dysfunction, and 
provide validation for detecting silent ischemia with this technique. 


Continued on page A29 
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Hemodynamic and Metabolic Effects of Venoarterial 
Cardiopulmonary Support in Coronary Artery Disease 

Robert K. Stack, Gregory S. Pavlides, Ronald Miller, Joseph Bassett, 
John Cieszkowski, Vellapallil Gangadharan, Mark Sakwa, Paul Clancy, and 
William W. O'Neill 


Percutaneous transluminal coronary angioplasty was performed on 14 
patients supported with venoarterial cardiopulmonary bypass. During by- 
pass, pulmonary (45 + 17/23 + 12 to27 + 14/14 + 8 mm Hg, p <0.005 
for each), aortic systolic (129 + 18 to 106 + 17 mm Hg, p <0.001) and 
mean (89 + 19 to 84 + 19 mm Hg, p <0.05) pressures decreased. Heart 
rate and aortic diastolic pressure did not change. Left ventricular end- 
systolic wall stress (122 + 48 to 96 + 44 X 10° dynes/cm2, p <0.001) and 
end-diastolic diameter (5.7 + 0.8 to 5.5 + 0.9 cm, p <0.05) were reduced. 
Despite beneficial hemodynamic effects, cardiac lactate extraction was 
diminished (38 + 23 to 2 + 29%, p <0.005) during bypass. With balloon 
inflation during bypass, there was electrocardiographic, hemodynamic 
and echocardiographic evidence of ischemia. Cardiopulmonary support 
favorably affects hemodynamic determinants of myocardial oxygen de- 
mand, yet induces cardiac anaerobic metabolism and does not prevent 
ischemia during balloon inflation. 


Te ce aS ee ts oe EOP: P Lak: VET AO ON EES 
Effects of Lipoprotein (a) on Success Rate of Thrombolytic 
Therapy in Acute Myocardial Infarction 

Eberhard von Hodenberg, Jörg Kreuzer, Martina Hautmann, Thomas 
Nordt, Wolfgang Kübler, and Christoph Bode 


Lipoprotein (a) [Lp(a)] and plasminogen share a high degree of structural 
homology. Therefore it has been suggested that high levels of Lp(a) may 
suppress the profibrinolytic activity at the cell surface and increase the risk 
for arteriosclerosis and thrombosis by competitive inhibition of plasmino- 
gen. The purpose of the present study was to evaluate whether high levels 
of Lp(a) influence thrombolytic therapy in patients with acute myocardial 
infarction. Forty-one patients with acute myocardial infarction were treat- 
ed with a combination of recombinant tissue-type plasminogen activator 
and human single-chain urokinase-type plasminogen activator. Coronary 
patency was assessed angiographically 90 minutes after initiation of treat- 
ment. Thrombolysis was successful in 30 and unsuccessful in 11 patients. 
Patients with high Lp(a) levels (225 mg/dl) (n = 9) responded equally 
well to thrombolytic therapy (8 of 9, patency 89%) as did patients with 
normal or low levels of Lp(a) (22 of 32, patency 70%, difference p >0.1). 
Results show that high levels of Lp(a) do not affect thrombolysis in 
patients with acute myocardial infarction, when low-dose pharmacologic 
concentrations of recombinant tissue-type plasminogen activator and hu- 
man single-chain urokinase-type plasminogen activator are applied in 
combination. 
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os SUNSE RR EEN ea) See Pine MEE aE TS aA 
Long-Term Effect of Thrombolytic Therapy on Left Ventricular 
Ejection Fraction After Acute Myocardial Infarction 

Milena J. Henzlova, Robert C. Bourge, Silvio E. Papapietro, Larry E. 
Maske, Terri E. Morgan, E. Lindsey Tauxe, and William J. Rogers 


The long-term effect of thrombolytic therapy on left ventricular (LV) 
function was studied in 222 patients with acute myocardial infarction 
treated with intravenous tissue plasminogen activator within 4 hours of 
symptom onset. LV ejection fraction (EF) was assessed by radionuclide 
equilibrium angiography at hospital discharge and at | year. EF at hospi- 
tal discharge and patency of the infarct-related artery were identified as 
independent predictors of EF change at | year (p = 0.0002 and 0.003, 
respectively). A subgroup of patients with history of infarction was the 
only identified subset of patients with decrease in EF at 1 year (p = 0.005). 
No deterioration of EF was observed in patients with larger infarcts: 
anterior infarcts, Q waves on admission electrocardiograms, left anterior 
descending artery identified as the infarct-related artery, or lower EF at 
hospital discharge. 


cor.) | COS Ee a E E OE ee BO A eee 
intracellular Compartmentation of Cardiac Troponin T and Its 
Release Kinetics in Patients with Reperfused and 
Nonreperfused Myocardial Infarction 

Hugo A. Katus, Andrew Remppis, Thomas Scheffold, Klaus W. Diederich, 
and Wolfgang Kuebler 


Different release kinetics of troponin T were found in 57 patients with 
angiographically documented reperfused and nonreperfused acute myo- 
cardial infarction (AMI) on day | after the onset of pain. Reperfusion of 
AMI resulted in an increased “washout” of troponin T and in a distinct 
peak of troponin T serum concentrations at 14 hours after the onset of 
pain. The shorter was the duration from the onset of pain until reperfusion, 
the higher were the troponin T levels on day | (p <0.01). In patients with 
nonreperfused AMI, this early troponin T peak was absent. By contrast, 
the further troponin T serum concentration changes were unaffected by 
AMI reperfusion and revealed release kinetics of structurally bound mole- 
cules with a peak value on the 4th day after the onset of AMI. The 
characteristic serum concentration changes of troponin T in reperfused 
AMI most probably result from the “washout” of soluble cytosolic tro- 
ponin T. This unbound cytosolic troponin T [0.024 mg/g wet weight] 
compares in its electrophoretic characteristics to troponin T compart- 
mented in the insoluble myofibrils. 
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Usefulness of ST-Segment Changes in >2 Leads on the 
Emergency Room Electrocardiogram in Either Unstable 
Angina Pectoris or Non-Q-Wave Myocardial Infarction in 
Predicting Outcome 

Marc Cohen, Linda Hawkins, Steven Greenberg, and Valentin Fuster 


In 90 patients hospitalized for unstable angina or non-Q-wave myocardial 

infarction, the emergency room admission electrocardiogram was ana- 

lyzed for ST-segment deviation and T-wave changes. For all 90 patients, 
Continued on page A36 
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INDICATIONS AND USAGE: EMINASE® ANISTREP- 
LASE, is indicated for use in the management 
of acute myocardial infarction (AMI) in adults, 


for the lysis of thrombi obstructing coronary 

arteries, the reduction of infarct size, the im- 
provement of ventricular function following 

AMI, and the reduction of mortality associated 

with AMI. Treatment should be initiated as soon 

as possible after the onset of AMI symptoms 

(see CLINICAL 


CONTRAINDICATIONS: Because thrombolytic ther- 

apy increases the risk of bleeding, EMINASE® 
is contraindicated in the following situations: ® active internal bleeding ® history of cerebrovascular accident = 
recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) ® intracranial neoplasm, 
arteriovenous malformation, or aneurysm ® known bleeding diathesis = severe, uncontrolled hypertension. EMINASE* 
should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE®* therapy is 
bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial 
punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE® had 
dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
sites (including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
Intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE®.-Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
necessary following administration of EMINASE®, it is preferable to use an upper-extremity vessel that is accessible 
to manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated 
and anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
tions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: 
® recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) ® cerebrovascular disease ® recent gastrointestinal or genito- 
urinary bleeding (within 10 days) ® recent trauma (within 10 days) including cardiopulmonary resuscitation = hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg ® high likelihood of left heart thrombus (e.g., mitral 
stenosis with atrial fibrillation) = subacute bacterial endocarditis ® acute pericarditis æ hemostatic defects including 
those secondary to severe hepatic or renal disease ® pregnancy ® age >75 years (Use of EMINASE® in patients 
over 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic conditions œ septic thrombophlebitis or occluded AV cannula at seriously infected site ® patients 
currently receiving oral anticoagulants (e.g., warfarin sodium) = any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 


Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
(such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE® are administered. 

Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE® administration. Patients should be monitored closely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE® treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE®. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE® may 
not be as effective if administered more than 5 days after prior EMINASE* or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 
and 6 months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE* within one week of the initial dose has occurred in a small number of patients 
treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 
patients who received repeat doses of EMINASE® but otherwise the adverse event profile was similar to those who 
received one dose. 


Laboratory Tests: Intravenous administration of EMINASE* will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 
unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE®, when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen 
in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 
KIU/mL) can, to some extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE* with other cardioactive drugs has not been studied. In addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 
dipyridamole) may increase the risk of bleeding if administered prior to EMINASE® therapy. 


Use of Anticoagulants: EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause 
bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 
studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital 
stay and a minority received heparin pretreatment with EMINASE® The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE® or nonthrombolytic therapy. There was no 
evidence of a synergistic effect of combined EMINASE® and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE® treated patients who did or did not 
receive aspirin. 


ANISTREPLASE RIN 


Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 
the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration 
assays in human lymphocytes were negative at all concentrations tested. 


Pregnancy (Category C}: Animal reproduction studies have not been conducted with EMINASE®, It is also not known 
whether EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reprod 
capacity. EMINASE® should be given to a pregnant woman only if clearly needed. | 


Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE* 


Pediatric Use: Safety and effectiveness of EMINASE* in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE* was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
In the AIMS trial the overall incidence of bleeding in patients treated with EMINASE* was 14.8% compared with 
3.8% for placebo. The incidence of specific bleeding events was: 


EMINASE* Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 46% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 1.4% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. 

Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, — 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 
Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were 
arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of 
nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE® compared to 
7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 


Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 

treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing 

one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 

arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 

self-limiting and without long-term sequelae. 

Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 

diagnosed in patients receiving EMINASE®*. Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10” fold HIV-1 infectious particles, i.e., >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10" infectious particles removed by the various steps in the purification process. 


Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship to EMINASE* administration is unknown. The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatology—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic— 
thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous— 
agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended 
dose is 30 units of EMINASE* administered only by intravenous injection over 2 to 5 minutes into an intravenous 
line or vein. 

Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P, by directing the stream of fluid against the 
side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming. 3. The 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial. 5. The 
reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other 
medications should be added to the vial or syringe containing EMINASE® 6. If EMINASE* is not administered within 
30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE* between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 
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an admission electrocardiogram with ST-segment deviation in 22 leads 
had a positive predictive value for adverse clinical events of 79%. In the 
subset of patients without left ventricular hypertrophy, and in whom the 
admission electrocardiogram was recorded during chest pain (62 of the 
90), the positive predictive of ST deviation in 22 leads improved to 89%. 
In 53 of these 62, a positive linear correlation was observed between the 
total number of leads with ST-segment deviation and the myocardium in 
jeopardy score as calculated from their coronary arteriograms (r = 0.80, p 
<0.001). In patients with unstable angina or non-Q-wave myocardial 
infarction, an admission electrocardiogram recorded during pain and re- 
vealing ST-segment changes in 22 leads is by itself a reliable predictor of 
major clinical events. The total number of leads with ST changes predicts 
the extent of myocardium in jeopardy. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


2” > RIE Ng a E Ce Se OC DA USD PRY gC ale ee 
Experience with a Third-Generation Implantable Cardioverter- 
Defibrillator 

Sanjeev Saksena, Davendra Mehta, Ryszard B. Krol, Nicholas G. Tullo, 
Amarkanth Saxena, Raj Kaushik, and John Neglia 


Sixteen patients with sustained ventricular tachycardia (VT) or ventricu- 
lar fibrillation (VF) underwent implantation of a Medtronic 7216A pace- 
maker cardioverter-defibrillator using an epicardial or endocardial lead 
system. Mean defibrillation threshold was 10 J (range 3 to 18) and was 
comparable for sequential and simultaneous shocks. During follow-up (2 
to 12 months), 104 VT or VF episodes were successfully terminated with 
78 of 96 (81%) of spontaneous VT episodes terminated by pacing modes. 
There were 2 noncardiac deaths. Successful clinical application of an 
individualized electrical therapy prescription can be achieved with this 
system of nonthoracotomy implantation and effective VT /VF reversion. 


1385 
Frequency and Mechanism of Bradycardia in Cardiac 
Transplant Recipients and Need for Pacemakers 

Aria DiBiase, Tak-Ming Tse, Ingela Schnittger, Lewis Wexler, Edward B. 
Stinson, and Hannah A. Valantine 





The etiology of bradycardias and indications for permanent pacing in 
orthotopic cardiac transplant recipients remain poorly defined. At our 
institution, 7.4% of 556 transplant patients have received permanent pace- 
makers. The predominant arrhythmia was early postoperative junctional 
rhythm with bradycardia, and most patients were asymptomatic. Graft 
ischemia time, rejection incidence, and bradycardia-inducing medications 
were not identified as important predisposing factors. However, abnormal 
sinoatrial nodal arteries were frequently found in patients who received 
pacemakers. Follow-up showed persistent relative bradycardia (heart 
rates <88 beats/min) in most patients and supports our policy of using 
backup permanent pacemakers. Disruption of the sinoatrial nodal blood 
supply may be an important cause of bradycardia in the transplant pa- 
tient. 


Continued on page A39 
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CONGENITAL HEART DISEASE 


| | gl RS SS Oa n Aas Mesa te Die, ee Bee ear a PEE Bete aon vat ROLE UF 
Ventricular Function in the Single Ventricle Before and After 
Fontan Surgery 

Sanjay R. Parikh, Roger A. Hurwitz, Randall L. Caldwell, and 

Donald A. Girod 


This study evaluates ventricular systolic function in the single ventricle 
before and after Fontan surgery. Ventricular function was determined 
using radionuclide angiocardiography. Forty-seven patients were studied 
before the Fontan procedure; 24 subsequently underwent operation. Serial 
determination of ventricular function revealed no significant decrease in 
ejection fraction preoperatively, but a significant decrease was seen after 
the Fontan procedure. Neither age at surgery, ventricular morphology nor 
palliative surgical procedures were related to ventricular function. 


MISCELLANEOUS 


nF VEIEN at eee ae tie SRA ey” A aa ER alee ie eT ee 
Pulmonary Venous Flow Velocity Pattern as Assessed With 
Transthoracic Pulsed Doppler Echocardiography in Subjects 
Without Cardiac Disease 

Tohru Masuyama, Jung-Myung Lee, Masahiko Tamai, Jun Tanouchi, Akira 
Kitabatake, and Takenobu Kamada 


Pulmonary venous flow velocity pattern (PVFVP) was analyzed in 53 
subjects (aged 25 to 77 years, mean 47) without cardiovascular disease 
who underwent transthoracic pulsed Doppler echocardiography. The for- 
ward flow velocity pattern was biphasic with each of the 2 peaks in systole 
and diastole or triphasic with another peak in systole. Reverse flow oc- 
curred during the atrial contraction phase in all subjects. Peak systolic 
flow velocity was significantly greater than peak diastolic flow velocity. 
Peak systolic flow velocity and the systolic flow velocity /diastolic flow 
velocity flow ratio increased and diastolic flow velocity decreased with 
aging. The parameters of PVF VP correlated well with those of transmitral 
flow velocity pattern. Thus, PVF VP can be assessed in adults by using 
transthoracic pulsed Doppler echocardiography. PVF VP is significantly 
affected by aging, at least partially reflecting altered left ventricular 
diastolic function with aging. These results can be used for comparison 
with patterns found in disease states. 
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Stroke Volume Increases by Similar Mechanisms During 
Upright Exercise in Normal Men and Women 

Martin J. Sullivan, Frederick R. Cobb, and Michael B. Higginbotham 


To examine the effects of gender on stroke volume control during exercise, 
34 men and 27 women underwent simultaneous central hemodynamic 
monitoring and radionuclide angiography during upright bicycle exercise. 
Men and women were matched for age (39 + 12 vs 36 + 9 years, p = 0.27) 
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and aerobic fitness as indicated by similar peak oxygen consumption 
values (31.5 + 8.1 vs 28.4 + 6.4 ml/kg/min, p = 0.14). There were no 
differences in end-diastolic or end-systolic volume indexes, or stroke vol- 
ume index at rest or during exercise in the 2 groups. Both men and women 
had an increase in stroke volume during early exercise through an increase 
in left ventricular end-diastolic volume (F rank-Starling mechanism), 
which was maintained during intense exercise through decreases in left 
ventricular end-systolic volume (increased contractility). Our data indi- 
cate that gender, independent of body size and physical conditioning, is not 
important in determining the cardiac volume response to isotonic exercise 
in normal subjects. 





METHODS 


U3 eal ddl TE oe Oe ee ED Ee RS ET eee 
Interstudy Reproducibility of Biplane Cine Nuclear Magnetic 
Resonance Measurements of Left Ventricular Function 

Halima Benjelloun, Gregory B. Cranney, Katharine A. Kirk, Gerald G. 
Blackwell, Chaim S. Lotan, and Gerald M. Pohost 


Nuclear magnetic resonance (NMR) imaging can measure left ventricu- 
lar (LV) ejection fraction and absolute end-systolic and end-diastolic 
volumes. To determine the reproducibility of a new biplane intrinsic axis 
cine NMR approach (2-chamber and orthogonal 4-chamber), 18 normal 
subjects underwent 2 NMR studies on different days. All studies were 
analyzed blindly by 2 independent observers. Mean values obtained were 
end-diastolic volume 120 + 20 ml, end-systolic volume 39 + 9 ml and 
ejection fraction 67 + 4%. Paired analysis revealed no significant bias 
between interstudy or intraobserver measurements; however, a small in- 
terobserver difference was observed for end-diastolic volume (5.6 + 7.8 
ml) and consequently ejection fraction (1.7 + 2.3%). The absolute varia- 
tion between measurements (square root of variance components) was low 
for all interstudy, interobserver and intraobserver comparisons; end-dia- 
stolic volume <+6.7 ml, end-systolic volume <+3.5 ml and ejection 
fraction <+2.4%. These results demonstrate the potential of the cine 
NMR biplane long-axis approach to obtain sequential and reproducible 
LV volume and ejection fraction data, using practical acquisition and 
analysis times. 


EDITORIALS 


a MORES ESE PSE ee EA EE Oe! PRCT pS te ATE 
Need for a Standardized Approach to Grading Symptoms 
Associated with Ventricular Tachyarrhythmias 

Michael H. Lehmann, Russell T. Steinman, Marc D. Meissner, Claudio D. 
Schuger, Robert D. Mosteller, and Mervat A. Nabih 
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The Implantable Defibrillator Backlash 
Richard N. Fogoros 
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Comparison of Rubidium-82 Positron Emission 
Tomography and Thallium-201 SPECT Imaging 
for Detection of Coronary Artery Disease 


Richard E. Stewart, MD , Markus Schwaiger, MD, Edgar Molina, BS, Jeffrey Popma, MD, 
Gerald M. Gacioch, MD, Morton Kalus, MD, Sheila Squicciarini, BS, RT(N), 
Ziad R. Al-Aouar, MD, Anthony Schork, PhD, and David E. Kuhl, MD 


The diagnostic performance of rubidium-82 (Rb- 
82) positron emission tomography (PET) and 
thallium-201 (TI-201) single-photon emission- 
computed tomography (SPECT) for detecting 
coronary artery disease was investigated in 81 
patients (52 men, 29 women). PET studies using 
60 mCi of Rb-82 were performed at baseline 
and after intravenous infusion of 0.56 mg/kg di- 
pyridamole in conjunction with handgrip stress. 
Ti-201 SPECT was performed after dipyrida- 
mole-handgrip stress and, in a subset of pa- 
tients, after treadmill exercise. Sensitivity, speci- 
ficity and overall diagnostic accuracy were as- 
sessed using both visually and quantitatively 
interpreted coronary angiograms. The overall 
sensitivity, specificity and accuracy of PET for 
detection of coronary artery disease (>50% di- 
ameter stenosis) were 84, 88 and 85%, respec- 
tively. In comparison, the performance of SPECT 
revealed a sensitivity of 84%, specificity of 53% 
(p <0.05 vs PET) and accuracy of 79%. Similar 
results were obtained using either visual or 
quantitative angiographic criteria for severity of 
coronary artery disease. In 43 patients without 
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prior myocardial infarction, the sensitivity for 
detection of disease was 71 and 73%, respec- 
tively, similar for both PET and SPECT. There 
was no significant difference in diagnostic per- 
formance between imaging modalities when 2 
different modes of stress (exercise treadmill vs 
intravenous dipyridamole plus handgrip) were 
used with SPECT imaging. Thus, Rb-82 PET 
provides improved specificity compared with TI- 
201 SPECT for identifying coronary artery dis- 
ease, most likely due to the higher photon ener- 
gy of Rb-82 and attenuation correction provided 
by PET. However, post-test referral cannot be 
entirely excluded as a potential explanation for 
the lower specificity of TI-201 SPECT. 

(Am J Cardiol 1991;67:1303-1310) 


noninvasive techniques remains a major clinical 
goal in cardiology. Stress imaging with markers 
of myocardial perfusion has emerged as the preferred 
approach in patients suspected of having coronary ar- 
tery disease.'* In combination with advanced imaging 
technology such as single-photon emission-computed 
tomography (SPECT), thallium-201 (TI-201) or tech- 
netium-99m-labeled compounds have proven accurate 
in the sensitive detection and localization of coronary 
artery disease.*-© However, SPECT does not allow for 
correction of photon attenuation, which leads frequent- 
ly to artifactual tracer uptake abnormalities, limiting 
the specificity of the test.”"8 
Positron emission tomography (PET) represents a 
considerable technologic improvement compared with 
conventional single-photon tomography. Because of 


E arly detection of coronary artery disease by 
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the unique data acquisition, regional myocardial tracer 
retention can be corrected for photon attenuation 
yielding quantitative assessment of regional activity 
concentration.? The potassium analog rubidium-82 
(Rb-82), which is a generator-produced radioisotope, 
has emerged as the most practical PET flow tracer. 
Rb-82 production by a commercially available genera- 
tor system avoids the need for isotope production by an 
on-site cyclotron.!° Previous studies using Rb-82 or 
N-13 ammonia in combination with PET have shown 
high diagnostic accuracy in detecting coronary artery 
disease.!!-!3 However, these studies did not include the 
direct comparison of Rb-82 PET with T1-201 SPECT 
in the same patient population. Thus, the purpose of 
this study was to evaluate both techniques in the same 
patient population and to compare the imaging results 
with those of coronary angiography. 


METHODS 

Patients: Patients referred to the University of 
Michigan Medical Center for diagnostic coronary angi- 
ography were selected prospectively. The referral diag- 
nosis included chest pain, history of infarct, presurgical 
evaluation and abnormal stress test. Patients with previ- 
ous coronary bypass surgery or percutaneous translu- 
minal coronary angioplasty were excluded. In addition, 
patients with a low likelihood of coronary artery disease 
based on age, sex and risk factors (absence of hyperten- 
sion, diabetes mellitus, hypercholesterolemia, smoking 
history or family history), who did not undergo coro- 
nary arteriography, were selected from a patient popu- 
lation undergoing Tl-201 SPECT stress testing in the 
Division of Nuclear Medicine at the University of 
Michigan. All patients underwent Tl-201 SPECT and 
Rb-82 PET imaging within a time period of 3 weeks. 
Patients with changing clinical status between both 
tests were excluded. 

Thallium-201 single-photon emission-computed to- 
mography imaging: 11-201 SPECT imaging was per- 
formed in combination with either exercise testing or 
intravenous dipyridamole infusion. All patients fasted 
for =8 hours before the test. In patients undergoing 
exercise stress testing, the standard Bruce protocol was 
used. At maximal exercise, 3 mCi of Tl-201 was inject- 
ed intravenously and exercise continued for 1 minute. 
SPECT acquisition began between 10 and 15 minutes 
after the end of exercise and was completed within 45 
minutes after tracer injection. 

In patients undergoing pharmacologic stress testing, 
dipyridamole (0.56 mg/kg) was infused intravenously 
over 4 minutes. Four minutes after the end of the dipy- 
ridamole infusion, the patient was asked to perform 
handgrip exercise (30% of maximal strength).'* One 
minute after initiation of handgrip exercise, 3 mCi of 


Tl-201 was injected intravenously, and handgrip exer- 
cise was maintained for another 2 minutes. Imaging 
was started 10 minutes after the injection of Tl-201 
using the same protocol as that after exercise testing - 
(Figure 1). 

DATA ACQUISITION: Image acquisition was performed 
using a General Electric 400AC gamma camera sys- 
tem with a parallel-hole, low-energy, all-purpose col- 
limator. This camera system was interlinked to a 
MicroDelta workstation (Siemens, Knoxville, Tennes- 
see). Data were acquired over a 180° angle starting 
from the 45° right anterior oblique projection. Data 
collection consisted of 64 steps of 15 seconds each. All 
patients underwent redistribution imaging 4 to 6 hours 
after the initial tracer injection. 

IMAGE PROCESSING: Image processing consisted of 
filtered back projection of data in a 64 X 64 word 
matrix and reconstruction of transverse images using 
a Butterworth filter with a cutoff frequency of 
0.35 cycles /pixel. The tomographic images were subse- 
quently realigned perpendicular to the long axis of the 
left ventricle using commercially available software 
(MicroDelta workstation ). All images were displayed in 
black and white using a large screen display system 
(DeltaVision, CDA) and customized software, which 
allows the direct comparison of stress and redistribution 
images in oblique, longitudinal and sagittal views. 

DATA ANALYSIS: All images were evaluated by 2 ob- 
servers blinded to clinical and PET data using a visual 
scoring system. In case of disagreement, a third observ- 
er graded the images. One represented normal, 2 equiv- 
ocal, 3 mildly abnormal and 4 markedly abnormal. Vi- 
sual assessment was performed in 4 sections in each of 
3 left ventricular slices (apical, mid and basal). Each of 
these 3 slides was divided into anterior, lateral, inferior 
and septal segments for a total of 12 scoring segments 
for each study. Stress and redistribution images were 
evaluated using the same scoring system. An abnormal 
scan was defined as a Tl-201 defect score of 23 in at 
least 1 of the 12 segments. 

Positron emission tomography: All patients were 
studied after an overnight fast using a 15-slice whole 
body PET scanner (931 CTI/Siemens, Knoxville, Ten- 
nessee). After positioning of the patient in the gantry, a 
transmission scan using a retractable Germanium-68 
ring source was performed for 15 to 20 minutes (100 to 
200 million counts). The transmission scan was fol- 
lowed by a baseline Rb-82 study, which consisted of the 
infusion of 60 mCi of Rb-82 using the strontium- 
82/Rb-82 generator (Squibb Diagnostic, Inc., Prince- 
ton, New Jersey) and infusion system (CTI). Rb-82 
was infused with a pump setting of 50 ml/min and a 
specific activity of 1 to 2 mCi/ml. Sixty seconds after 
the end of Rb-82 infusion, data were acquired for 7 
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minutes. Fifteen minutes after the studies at rest, an 
intravenous infusion of dipyridamole (0.56 mg/kg) was 
started for 4 minutes. As stated, 4 minutes after the 
end of the dipyridamole infusion, handgrip exercise was 
initiated, and 1 minute later, 60 mCi of Rb-82 was 
infused using the same protocol. For graphic display of 
the imaging protocol, see Figure 1. 

IMAGE PROCESSING: The attenuation-corrected projec- 
tion data were used to reconstruct transverse images 
with a Hanning filter and a cutoff frequency of 0.35 
cycles /pixels. Using a computer workstation (SUN sys- 
tems) and dedicated software (volume tool, CTI), the 
transverse images were realigned perpendicular to the 
long axis of the left ventricle yielding cross-sectional 
and longitudinal images. 

DATA ANALYSIS: The cross-sectional images were dis- 
played in the same format as the TI-201 SPECT im- 
ages. Regional tracer retention at baseline and after 
stress was evaluated by 2 observers unaware of the clin- 
ical information and Tl-201 SPECT data. In the case 
of disagreement, a third observer was consulted. PET 
studies were read in similar orientation as Tl-201 
SPECT. The left ventricle was divided into 12 sectors 
(4 sections in each of 3 ventricular slices from apex to 
base), and regional Rb-82 retention was graded as pre- 
viously described for Tl-201 SPECT. 


Coronary angiography: Cineangiograms of the cor- 
onary arteries were obtained in multiple projections us- 
ing a Siemens C-Core angiographic system (5-inch in- 
tensifier, image resolution 3.8 line pair/mm). The fol- 
lowing angiographic criteria were used to define the 
presence of a significant coronary stenosis: (1) visually 
determined diameter stenosis 250%, (2) visually deter- 
mined diameter stenosis >70%, (3) quantitatively de- 
termined diameter stenosis 250%, (4) quantitatively 
determined percent area stenosis =>70%, or (5) minimal 
cross-sectional area <2.0 mm? in proximal or midepi- 
cardial vessel.!> Eighty-two percent of the angiograms 
were of sufficient quality to perform quantitative anal- 
ysis. 

STATISTICAL ANALYSIS: Data were expressed in terms 
of sensitivity and specificity as well as diagnostic accu- 
racy, with the results of coronary angiography serving 
as the gold standard. Statistical analysis involved the 
McNemar chi-square test for differences in group data. 
A p value <0.05 was considered statistically significant. 


RESULTS 

Patient characteristics: Eighty-one patients were se- 
lected consecutively from inpatient and outpatient pop- 
ulations over a 12-month period. The study included 52 
men and 29 women (mean age + standard deviation 57 


DIPYRIDAMOLE THALLIUM-201 SPECT 


HANDGRIP 


DIPYRIDAMOLE RUBIDIUM-82 PET 





HANDGRIP 


FIGURE 1. Imaging protocol for thallium-201 (TL-201) oe emission-computed tomography (SPECT) and rubidium- 


82 (Rb-82) positron emission tomography (PET) 
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+ 12 years). Ninety-three percent of the patients un- 
derwent coronary angiography, whereas 6 patients (4 
women, 2 men) were selected because of low likelihood 
of having coronary artery disease. Based on the visual 
assessment of coronary angiography, 60 of 81 patients 
had significant coronary artery disease (>50% stenosis) 
involving at least 1 major coronary artery. Thirty-four 
patients with coronary artery disease had clinical, elec- 
trocardiographic or enzymatic evidence of prior history 
of myocardial infarction. Twenty-one patients were 
considered free of significant coronary artery disease by 
angiographic criteria. Of those patients with significant 
disease, 20 patients had 1-vessel, 27 had 2-vessel and 13 
had 3-vessel disease. Fifty-eight percent of patients un- 
derwent coronary angiography before the imaging pro- 
cedures. 

Stress testing: Al! patients underwent dipyridamole 
infusion in combination with PET imaging. Thirty- 
eight patients underwent exercise Tl-201 SPECT. The 
double product achieved averaged 26,314 + 3.077. 
Forty-three patients underwent dipyridamole TI-201 
SPECT. 

Scintigraphic results: The administration of 60 mCi 
of Rb-82 resulted in 400,000 to 600,000 counts (true 


coincidence event) per plane for 15 image planes. The 
image quality was considered good or excellent in 87% 
of the patients as characterized by clear delineation 
of left ventricular myocardium. The administration 
of 3 mCi of TI-201 resulted in 200,000 to 300,000 
counts per SPECT plane. Ninety-five percent of TI-201 
SPECT studies were judged good or excellent. All stud- 
ies were included in the data analysis. Figures 2 and 3 
compare Rb-82 PET and Tl-201 SPECT studies in 2 
patients with significant coronary artery disease involv- 
ing the left anterior descending and right coronary 
arteries, respectively. Both image sets were displayed 
and photographed using the same workstation. Region- 
al tracer uptake was decreased in the affected vascular 
territories in both the PET and SPECT studies. How- 
ever, the perfusion defects appear more clearly defined 
on the PET images, most likely as a result of increased 
spatial resolution provided by this technique. 

Overall diagnostic performance: The overall diag- 
nostic performance of both imaging methods is summa- 
rized in Table I. The scintigraphic results were related 
to the anatomic severity and extent of coronary artery 
disease assessed by visual and quantitative analysis of 
coronary angiograms. The sensitivity for detecting coro- 





FIGURE 2. Rubidium-82 (Rb-82) positron emission tomography (left) and thallium-201 (TI-201) single-photon emission-com- 
puted tomography (right) study in a patient with significant disease involving the left anterior descending artery. Four short-axis 
images after stress (above) are compared with resting Rb-82 or delayed TI-201 images (below). In both studies there is a signif- 
icant decrease of the perfusion defect under resting and delayed conditions consistent with the clinical history of no prior myo- 


cardial infarction in this patient. 





FIGURE 3. Rubidium-82 (Rb-82) positron emission tomography (left) and thallium-201 (TI-201) single-photon emission-com- 


puted tomography (right) study in a patient with 


coronary artery disease (90% stenosis) in the right coronary artery 


without history of previous infarction. Note lack of redistribution on the TI-201 study in contrast to the normal resting Rb-82 


study in this patient without previous infarction. 


1306 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


JUNE 15, 1991 


TABLE I Comparison of Rb-82 PET and TI-201 SPECT 


Visual (n = 81) 


>50% 
Stenosis 
Diameter 


>70% 
Stenosis 
Diameter 


Rb-82 PET 


Sensitivity 
Specificity 
Diagnostic accuracy 
TI-201 SPECT 
Sensitivity 
Specificity 
Diagnostic accuracy 


*p <0.05 compared with specificity of rubidium-82 positron emission tomography. 


Quantitative (n = 71) 


<2 mm? 
Stenosis 
Area 


>70% 
Stenosis 
Area 


>50% 
Stenosis 
Diameter 


PET = positron emission tomography; Rb-82 = rubidium-82; SPECT = single-photon emission-computed tomography; TI-201 = thallium-201. 





Visual (n = 43) 


>50% 
Stenosis 
Diameter 


>70% 
Stenosis 


Rb-82 PET 
Sensitivity 
Specificity 


Diagnostic accuracy 
TI-201 SPECT 
Sensitivity 
Specificity 
Diagnostic accuracy 


*p <0.05 compared with specificity of rubidium-82 positron emission tomography. 
Abbreviations as in Table |. 


nary artery disease in 60 patients was not different for 
Rb-82 PET or Tl-201 SPECT. The specificity of Rb- 
82 PET was significantly greater (p <0.05) compared 
with that of Tl-201 SPECT. The sensitivity values of 
both tests were similar for all angiographic criteria 
(Table I). However, the specificity was consistently 
higher for Rb-82 PET imaging compared with T1-201 
SPECT. Quantitative analysis of coronary angiography 
yielded a higher specificity compared with visual analy- 
sis, which was not statistically significant. 

Figure 4 shows an example of improved diagnostic 
accuracy of Rb-82 PET. Four cross-sectional Rb-82 
and Tl-201 images obtained in a patient with angio- 
graphically normal coronary arteries are shown. The 
stress Tl-201 study revealed decreased activity in the 
inferior wall, whereas the regional tracer distribution 
was homogeneous in the corresponding stress Rb-82 
PET study. 

Diagnostic performance in patients with and with- 
out prior myocardial infarction: In 43 patients without 
prior myocardial infarction, the sensitivity for detecting 
coronary artery disease was 71% for Rb-82 PET and 
73% for Tl-201 SPECT (based on >50% diameter ste- 
nosis) (Table II). 





TABLE If Comparison of Rb-82 PET and TI-201 SPECT in Patients Without Prior Myocardial Infarction 


Diameter 


Quantitative (n = 41) 


<2 mm? 
Stenosis 
Area 


>70% 
Stenosis 
Area 


>50% 
Stenosis 
Diameter 


Both tests performed equally in detecting previous 
myocardial infarction. The frequency of an abnormal 
TI-201 SPECT or Rb-82 PET study was 97% in pa- 
tients with previous myocardial infarction. 

Comparison of exercise versus dipyridamole stress: 
Because not all patients underwent dipyridamole Tl- 
201 SPECT, the diagnostic performance of both tests 
was compared in 38 patients undergoing exercise Tl- 
201 SPECT. The sensitivity of exercise Tl-201 SPECT 
(>50% diameter stenosis) was 93% compared with 


THALLIUM- 278i 





FIGURE 4. Four midventricular short-axis stress images in a 
patient with normal coronary arteries. The thallium-201 sin- 
gle-photon emission-computed tomography stress images 
(above) were read as abnormal in the inferior wall, whereas 
the rubidium-82 positron emission tomography images (be- 
low) were considered normal. 
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TABLE ili Comparison of Rb-82 PET and TI-201 SPECT 


Exercise SPECT (n = 38) 


Sen Spec 
(%) (%) 
TI-201 SPECT 
Rb-82 PET 


Significant disease was defined by > 50% diameter stenosis. 


Acc = Accuracy; Sen = sensitivity; Spec = specificity; other abbreviations as in Table |. 


Dipyridamole SPECT (n = 43) 


Sen Spec 
(%) (%) 


TABLE IV PET—Interobserver Agreement for Abnormal Study 


Septum Anterior 
(%) (%) 


Rb-82 PET 87 92 
T1-201 SPECT 89 98 


Abbreviations as in Table |. 


89% for Rb-82 PET. The specificity of Rb-82 was 90 
vs 55% for Tl-201 SPECT (Table III). 

Forty-three patients underwent dipyridamole stress 
testing combined with both Rb-82 PET and TI-201 
SPECT. The sensitivity for detecting significant coro- 
nary artery disease in this subgroup was 84 and 82%, 
respectively, with a specificity of 73% for Rb-82 PET 
and 50% for Tl-201 SPECT (Table III). 

Interobserver variability: For 91% of patients, the 
principal readers (M.S., M.K.) agreed on the overall 
interpretation of the presence (visual score =3) or ab- 
sence (score <3) of Rb-82 PET perfusion defects. 
Likewise, agreement was reached in 95% of patients in 
grading Tl-201 SPECT studies. Disagreement most of- 
ten involved the lateral wall (11% with PET vs 10% 
with SPECT) and septum (13 vs 11%) with both stud- 
ies (Table IV). 


DISCUSSION 

The results of this study indicate improved specific- 
ity of Rb-82 PET imaging compared with TI-201 
SPECT for detecting coronary artery disease in a se- 
lected patient population undergoing coronary angi- 
ography. The sensitivity of both tests for identify- 
ing significant stenosis was comparable. The enhanced 
specificity was not influenced by the stress approach 
(dipyridamole vs exercise). Thus, Rb-82 PET appears 
to reduce the incidence of false-positive results, most 
likely because of the improved imaging technology pro- 
vided by this new imaging technique. 

Sensitivity of positron emission tomography versus 
single-photon emission-computed tomography: [he re- 
ported sensitivity for Tl-201 SPECT in this study 
agrees closely with previous reported values for this test 
and confirms the high diagnostic yield of this proce- 
dure.!®!7 The sensitivity of Rb-82 PET imaging for 





Inferior Lateral All 
(%) (%) (%) 


94 89 91 
92 90 95 


identifying coronary artery disease in the studied pa- 
tient population was not different from that of Tl-201 
SPECT. Previous studies using PET, in combination 
with Rb-82 or N-13 ammonia, reported sensitivity val- 
ues exceeding 90%,'!:!2:!8 This discrepancy may be ex- 
plained partly by patient selection yielding a higher in- 
cidence of advanced coronary artery disease in these 
studies or by variation in the analysis of coronary angi- 
ography. Demer et al'? reported a sensitivity of 94% for 
detecting significant coronary stenosis in 193 patients 
studied with Rb-82 or N-13 ammonia. This study com- 
pared the PET results with calculated coronary reserve 
values, which were based not only on diameter stenosis, 
but also on the geometry of a given lesion.!? Significant 
coronary artery disease was defined as a coronary re- 
serve value <3. If patients with intermediate severity of 
stenosis (coronary reserve 3 to 4) were included in the 
analysis, the sensitivity for identification of disease by 
PET decreased to 83%. Therefore, the overall reported 
sensitivity of Rb-82 PET imaging in this study, ranging 
from 85 to 88%, may reflect a very similar diagnostic 
performance than that observed in the study by Demer 
et al.” 

The incidence of false-negative Rb-82 PET studies, 
especially in patients without prior myocardial infarc- 
tion, may be related to the pharmacologic stress ap- 
proach. A recent report by Rossen et al?° indicates the 
possibility of an attenuated flow response to this phar- 
macologic stress in about 20% of patients. Although 
care was taken to exclude patients taking medications 
known to abolish the dipyridamole effect, a variable re- 
sponse to dipyridamole in our patient population cannot 
be entirely excluded as cause for false-negative PET 
and SPECT studies. In the context of this discussion, it 
is interesting to note that the sensitivity of Tl-201 exer- 
cise testing tended to be higher than that of dipyrida- 


1308 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 JUNE 15, 1991 


mole Tl-201 SPECT or dipyridamole Rb-82 PET im- 
aging. High-dose dipyridamole or adenosine infusion 
may enhance coronary vasodilation and, hence, in- 
crease the sensitivity of pharmacologic approaches to 
detect coronary artery disease.7! 

Specificity of rubidium-82 positron emission to- 
mography versus thallium-201 single-photon emis- 
sion-computed tomography: The specificity for Tl-201 
SPECT observed in our study was lower than initially 
reported for this procedure.*+?! Several recent studies 
comparing the results of Tl-201 SPECT with those of 
coronary angiography indicate specificity values rang- 
ing from 47 to 71%.*:!62.23 Iskandrian et al'® reported 
an incidence of 22 false-positive Tl-201 SPECT studies 
in 58 patients with angiographically normal coronary 
arteries (specificity 62%). Using quantitative analysis of 
Tl-201 SPECT images, Maddahi et al?? described a 
specificity of only 56% in 18 patients with normal coro- 
nary angiograms.’? In contrast, both studies reported a 
higher “normalcy rate” of Tl-201 SPECT (93%, 86%) 
in a group of patients with low likelihood of coronary 
artery disease, but without coronary angiography.* 
The specificity of Tl-201 SPECT reported in this study 
is in close agreement with the results published by these 
investigators. 

Because definition of sensitivity and specificity re- 
quires coronary angiography as a gold standard, a se- 
lection bias based on the results of the noninvasive 
stress testing has to be considered.*4?> Patients with 
positive test results will be predominantly referred for 
cardiac catheterization, whereas few patients with a 
normal stress test will undergo invasive diagnostic pro- 
cedures. Diamond?‘ recently discussed the effect of pa- 
tient referral on determining the diagnostic accuracy of 
a given test. The goal of this study, however, was not to 
assess the overall diagnostic performance of each imag- 
ing modality, but to compare both tests with angio- 
graphic results in the same patient population. The pa- 
tient population selected in this study may have a high- 
er incidence of “false-positive” Tl-201 SPECT findings 
compared with a patient cohort with low likelihood of 
disease. However, the improved specificity of Rb-82 
PET may demonstrate the superiority of PET imaging 
in patients prone to have attenuation artifacts on TIl- 
201 SPECT images. Patients with low likelihood of 
coronary artery disease tend to be younger, less obese 
and tolerate higher exercise levels. Such a selected con- 
trol group is quite different from the typical patient 
population suspected of having coronary artery disease, 
and the normalcy rate may not reflect the true specific- 
ity of the test.7°2’ 

The greater specificity of Rb-82 PET imaging may 
be important in the case of Tl-201 defects involving the 
inferior wall (Figure 4). The increased incidence of 


false-positive Tl-201 SPECT perfusion defects in this 
region is well recognized and most likely represents at- 
tenuation artifacts involving the diaphragm. 7828-22 PET 
provides attenuation correction and, thus, is expected to 
be less affected by diaphragmatic attenuation.’ Recent- 
ly, SPECT imaging in the prone position has been ad- 
vocated to reduce attenuation artifacts in the male pa- 
tient population.”? Although first results are promising, 
no data are currently available to document the im- 
proved specificity of this imaging approach. 

Advantages of rubidium-82 as a perfusion tracer: 
Besides the improved specificity of PET in combination 
with Rb-82, there are several additional advantages of 
this new imaging approach. Rb-82 is a generator-pro- 
duced compound that can be easily administered using 
a simple infusion system available 24 hours each day. 
Its short half-life of 76 seconds reduces the radiation 
exposure to the patient. The time required for a resting 
and stress blood flow evaluation averages approximate- 
ly 1 hour for Rb-82 PET, whereas Tl-201 imaging in- 
volves a waiting period of several hours between the 
stress and delayed imaging procedure. Those practical 
advantages are offset by the higher costs of the PET 
imaging procedure. However, a recent study indicates 
that a dedicated Rb-82 PET camera may be financially 
viable with 8 to 10 fully reimbursed studies per day.*? 

Conclusions: PET, in combination with Rb-82, pro- 
vides improved specificity in detecting coronary artery 
disease compared with Tl-201 SPECT. Higher photon 
energy of Rb-82 and attenuation correction provided by 
PET may be primarily responsible for this diagnostic 
gain. Together with the short half-life of the tracer, Rb- 
82 PET imaging provides a rapid evaluation of regional 
coronary reserve in patients suspected of having coro- 
nary artery disease. PET, in combination with various 
flow tracers, may provide clinically important informa- 
tion for accurately identifying and quantifying ischemic 
heart disease. 
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To assess the value of dobutamine echocardiog- 


raphy for detecting coronary artery disease 
(CAD), 70 men (mean age 62 + 8 years) pre- 
senting for coronary angiography were prospec- 
tively studied. Dobutamine (2.5 to 40 .g/kg/min) 
was infused in 3-minute stages. Digital echocar- 
diograms were recorded on-line at baseline, dur- 
ing low- and high-dose dobutamine infusion, and 
at recovery. An echocardiogram positive for 
CAD was defined as one showing a new wall mo- 
tion abnormality induced by dobutamine. Com- 
pared with coronary angiography, the overall 
sensitivity of dobutamine echocardiography for 
detecting CAD was 86%, specificity 95% and 
accuracy 89%. The sensitivity for detecting 3- 
vessel CAD was 100%, 89% for 2-vessel and 
69% for 1-vessel CAD. The accuracy of predict- 
ing multivessel disease by 2 methods was 71 
and 84%, respectively. Heart rate at the echo- 
cardiographic ischemic threshold was lower in 
patients with 3- and 2-vessel CAD versus 1-ves- 
sel CAD (89 + 17, 95 + 18 and 118 + 18 heats/ 
min, respectively, p <0.01); rate-pressure prod- 
uct was also lower in patients with 3-and 2-ves- 
sel CAD versus 1-vessel CAD (12.7 + 3.6, 13.7 
+ 2.8 and 18.9 + 44 x 103 beats/ 
min X mm Hg, respectively, p <0.01). Heart rate 
was the most important physiologic determinant 
of ischemia induced by dobutamine. There were 
no major complications during the study. Thus, 
dobutamine digital echocardiography is an excel- 
lent test for identifying CAD and should be bene- 
ficial in patients unable to exercise. 

(Am J Cardiol 1991;67:1311-1318) 
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myocardial contractility, but, in the presence of 

coronary artery disease (CAD), they may in- 
duce ischemia.!-8 For this reason, they have been used 
in efforts to detect CAD as an alternative to exercise 
stress testing.-!> Despite favorable results with dobuta- 
mine and thallium-201 imaging, radionuclide ventric- 
ulography and echocardiography, dobutamine stress 
testing has not become widely used.'®!? The recent de- 
velopment of digital echocardiography, with its ability 
to display in a continuous loop side-by-side images of 
the left ventricle, represents an important advance 
in the echocardiographic evaluation of CAD. It has 
been successfully used with exercise and pharmacologic 
stress.2°-23 Preliminary work with dobutamine and digi- 
tal echocardiography has been encouraging.** The pres- 
ent study prospectively examines the efficacy of dobu- 
tamine digital echocardiography as an alternative to ex- 
ercise stress testing for detecting CAD in patients pre- 
senting for coronary angiography. 


B eta-adrenergic agonists are known to improve 


METHODS 

Patient group: Seventy-four men presenting for cor- 
onary angiography for the evaluation of chest pain were 
prospectively studied after informed consent was ob- 
tained. One patient was excluded because of an un- 
acceptable echocardiographic window. Three patients 
could not complete the dobutamine infusion protocol 
and were excluded: 2 for dobutamine-induced ventricu- 
lar arrhythmias, 1 for dobutamine-induced systolic hy- 
pertension. The remaining 70 patients (mean age 62 + 
8 years, range 44 to 74) formed the basis of the study. 
In addition, other patients were excluded for unstable 
angina, congestive heart failure, uncontrolled hyperten- 
sion, cardiomyopathy, significant valvular heart disease, 
known serious arrhythmia or previous coronary artery 
bypass grafting. A prior history of myocardial infarc- 
tion was present in 19 patients (5 recent, 14 remote). 

Cardiac catheterization: Left-sided cardiac cathe- 
terization and coronary angiography were performed in 
a standard manner by the Judkins technique. Signifi- 
cant coronary artery stenosis was defined as >70% re- 
duction in the luminal diameter of any of the 3 cor- 
onary arteries or their primary branches, or >50% 
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reduction of the luminal diameter of the left main coro- 
nary artery. Angiograms were reviewed by 2 angi- 
ographers who were unaware of the results of dobuta- 
mine echocardiography. 

Dobutamine echocardiography: After an overnight 
fast, patients were studied in the morning hours within 
72 hours of cardiac catheterization. Beta-blocker thera- 
py was stopped for 48 hours before the test, whereas 
nitrates and calcium antagonists were not taken the 
morning of the test. After baseline echocardiograph- 
ic images were recorded, intravenous dobutamine 
was given by infusion pump beginning with a dose 
of 2.5 wg/kg/min. After 3 minutes, the infusion 
was increased to 5 wg/kg/min, then increased by 5 
ug/kg/min every 3 minutes up to a maximal dose of 40 
ug/kg/min. Electrocardiographic monitoring and nota- 
tion of symptoms were done throughout, with blood 
pressure and |2-lead electrocardiograms recorded every 
3 minutes. End points for terminating the dobutamine 
infusion were: (1) detection of a new wall motion ab- 
normality by echocardiography not present at baseline, 
(2) target heart rate, (3) symptoms judged unaccept- 
able by the supervising cardiologist, (4) ischemia de- 
tected by electrocardiography, (5) systolic blood pres- 
sure >220 mm Hg or diastolic blood pressure >110 
mm Hg, and (6) complex ventricular arrhythmias. 

Echocardiograms were obtained with commercially 
available equipment (Hewlett-Packard, Sonos 500). 
The images were then digitized on-line (Nova Micro- 
sonics, PreVue), which allowed for display of a continu- 
ous cine loop obtained from a single cardiac cycle and 
for side-by-side visualization of views of the left ventri- 
cle in a quad screen format. Four views of the left ven- 
tricle (parasternal long- and short-axis, apical 4- and 2- 
chamber views) were recorded at baseline and during 
each minute of the dobutamine infusion. Four indepen- 
dent quad screens were used, each quad screen corre- 
sponding to | of the 4 views, i.e., 1 quad screen was 
used for all apical 4-chamber views, 1 quad screen for 
all apical 2-chamber views, and so on. The upper left 
quadrant of each quad screen was used to record base- 
line images, the upper right quadrant was used for 
images obtained during low-dose dobutamine infu- 
sion (2.5 to 15 uwg/kg/min), the lower left quadrant 
was used for high-dose infusion images (20 to 40 
ug/kg/min) and the lower right quadrant for recovery 
images obtained 5 minutes after the infusion was termi- 
nated. The final images stored at each stage (low- and 
high-dose dobutamine) represented the earliest image 
showing a new wall motion abnormality or, if none ap- 
peared, the image at the highest dose of dobutamine of 
that stage. At the end of the study, all 4 quad screens 
were transferred to a 5.25-inch floppy disk for subse- 
quent storage and analysis (Figure 1). 


Analysis of echocardiograms: Echocardiograms 
were independently reviewed by 2 observers without 
knowledge of the results of cardiac catheterization. 
Agreement between the 2 observers as to diagnosis wass 
achieved in 94% (66 of 70) of the studies. Disagree- 
ments between the 2 observers were resolved by discus- 
sion. One observer read each study twice, with agree- 
ment between the 2 readings in 96% (67 of 70) of the 
studies. Wall motion was graded in a qualitative fash- 
ion using conventionally defined wall segments.2° Wall 
motion was graded as normal, hypokinetic, akinetic or 
dyskinetic. Wall thickening, in addition to simple endo- 
cardial excursion, was also considered. An abnormal or 
positive dobutamine echocardiogram was defined as 
one showing the development of a new wall motion ab- 
normality not present at baseline. More specifically, for 
those studies without wall motion abnormalities at rest, 
any new dobutamine-induced wall motion abnormality 
was considered positive. For those studies with baseline. 
wall motion abnormalities, a positive study consisted of 
one showing either a higher grade wall motion abnor- 
mality in the baseline abnormal segment (i.e., from hy- 
pokinetic to akinetic) or any new wall motion abnor- 
mality in a different segment. Segments of the left ven- 
tricle were assigned to regions of coronary perfusion 
using the aforementioned model.?° 

Baseline ejection fraction was determined from the 
apical 4-chamber view using the single plane area- 
length method. 

Electrocardiograms obtained during dobutamine in- 
fusion were graded as normal, ischemic or nondiagnos- 
tic. An ischemic response was defined as the develop- 
ment of >1 mm of horizontal or downsloping ST-seg- 
ment depression 0.08 second after the J point in a lead 
with a normal baseline ST segment. The electrocardio- . 
gram was nondiagnostic if ST depression developed in a 
lead with baseline ST-segment abnormalities. 

Statistical analysis: Numerical data from multiple 
groups were compared using an analysis of variance. 
Frequency data were compared by chi-square analysis. 
The least-squares procedure was used for the linear re- 
gressions. Sensitivity, specificity, positive and negative 
predictive values and accuracy were calculated in the 
conventional manner. Data are reported as mean + 
standard deviation. Significance was set at p <0.05 
level. 


RESULTS 

Cardiac catheterization: Significant CAD was de- 
tected in 51 patients: 16 patients with 1-vessel, 18 with 
2-vessel and 17 with 3-vessel CAD (of whom 2 had left 
main CAD). Normal or noncritical CAD was found in 
19 patients. Patient characteristics of the angiographic — 
subgroups are presented in Table I. 
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Dobutamine echocardiography: Results of dobuta- 
mine echocardiography are shown in Table II. Dobuta- 
mine echocardiography was positive in 44 of 51 patients 
with CAD (overall sensitivity 86%). The test was nega- 
tive in 18 of 19 patients without CAD (specificity 
95%). The positive predictive value of the test was 98%, 
negative predictive value 72% and accuracy 89%. The 


sensitivity for identifying 3-vessel and left main CAD 
was 100% (17 of 17), 89% (16 of 18) for 2-vessel, 69% 
(11 of 16) for 1l-vessel, and 94% (33 of 35) for mul- 
tivessel CAD. The accuracy of correctly predicting the 
presence or absence of multivessel CAD based on find- 
ing new regional wall motion abnormalities in 22 coro- 
nary artery territories was 71%. The accuracy of cor- 





FIGURE 1. A, diastolic images of dobutamine echocardiogram showing all the apical 2-chamber views. Upper left quadrant, 
baseline image; upper right quadrant, low-dose dobutamine image; lower left quadrant, high-dose dobutamine image; lower 
right quadrant, recovery image (see Methods section). B, systolic images of apical 2-chamber views from same patient in A. At 
baseline, there is hypokinesia of the basal-inferior segment (arrow). At low dose, there is new dyskinesia of the apical-inferior 
(upper arrow) and basal-inferior (lower arrow) segments. At high dose, basal-inferior dyskinesia persists (arrow). At recovery, 
there is new apical-anterior dyskinesia (upper arrow) and persistence of basal-inferior dyskinesia (lower arrow). This patient 
had right coronary and left anterior descending coronary artery disease at angiography. 
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TABLE I Patient Characteristics Among Angiographic Subgroups with Coronary Artery Disease 


Coronary Artery Disease 


3-Vessel 
(n = 17) 


1-Vessel 
(n = 16) 


Normal 
(n = 19) 


Age (years) 
Previous MI 
Baseline EF (%) 
Medications 
B blockers 
Calcium antagonists 
Nitrates 
*p <0.05, 3-vessel coronary artery disease vs normal. 
tp <0.01, 3-vessel vs 1-vessel coronary artery disease. 
tp <0.05, 3-vessel vs 1-vessel coronary artery disease. 


§p <0.05, 2-vessel vs 1-vessel coronary artery disease. 
EF = ejection fraction; MI = myocardial infarction. 


65+8 
7 
47 + 14*t 


l 
13 
144 


Data for age and ejection fraction are mean + standard deviation. Remaining data are numbers of patients. 


rectly predicting multivessel CAD based on the appear- 
ance of any new wall motion abnormality at a dose of 
dobutamine <15 wg/kg/min was 84%. 

Ischemic threshold: The ischemic threshold or point 
at which a new regional wall motion abnormality ap- 
peared on echocardiography differed among the various 
subgroups with CAD (Figure 2). Heart rate at isch- 
emic threshold was significantly lower in patients with 
3- and 2-vessel CAD than in those with 1-vessel CAD 
(89 + 17, 95 + 18 and 118 + 18 beats/min, respec- 
tively, p <0.01). Systolic blood pressure showed a trend 
toward lower values in patients with 3- and 2-vessel 
CAD than in patients with 1-vessel CAD (143 + 21, 
145 + 20 and 159 + 25 mm Hg, respectively, differ- 
ence not significant). Rate-pressure product (heart rate 
X systolic blood pressure) was significantly lower in pa- 
tients with 3- and 2-vessel CAD than in those with 1- 
vessel CAD (12.7 + 3.6, 13.7 + 2.8 and 18.9 + 44 X 
103 beats/min X mm Hg, respectively, p <0.01). Per- 
centage of maximal age-predicted heart rate was signif- 
icantly lower in patients with 3- and 2-vessel CAD than 
in those with l-vessel CAD (57 + 10, 61 + 12 and 74 


TABLE If Sensitivity Calculations of Dobutamine 
Echocardiography 


Overall sensitivity 
Specificity 
Positive predictive value 
Negative predictive value 
Accuracy 


Sensitivity for 3-vessel CAD 

2-vessel CAD 

1-vessel CAD 

Multivessel CAD 
Accuracy of predicting presence or absence of multivessel CAD* 
Accuracy of predicting presence or absence of multivessel CADt 


*Based on new regional wall motion abnormalities in > 2 coronary artery territories. 

tBased on any new regional wall motion abnormality appearing at a dose of 
dobutamine < 15 pg/kg/min. 

CAD = coronary artery disease. 
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+ 11%, respectively, p <0.01). The dose of dobutamine 
at ischemic threshold was significantly lower in patients 
with 3- and 2-vessel CAD than in those with 1-vessel 
CAD (13 + 4, 13 + 6 and 21 + 9 wg/kg/min, respec- 
tively, p <0.01). 

Physiologic response to dobutamine: [he response 
of physiologic variables to increasing doses of dobuta- 
mine among the 4 groups of patients are shown in Fig- 
ure 3. Heart rate increased significantly (p <0.001) in 
all groups to increasing doses of dobutamine (Figure 
3A) and the rate of increase (slope of regression equa- 
tion) among the 4 groups was similar. Regression equa- 
tions for heart rate were: for control subjects, y = 1.27x 
+ 72.03, r = 0.68; for l-vessel CAD, y = 1.51x + 
68.22, r = 0.72; for 2-vessel CAD, y = 1.20x + 74.99, 
r = 0.62; for 3-vessel CAD, y = 1.06x + 75.87, r = 
0.67; p <0.001 for all 4 equations. 

Systolic blood pressure, however, increased signifi- 
cantly in all groups (p <0.01) except for those with 3- 
vessel CAD (Figure 3B). The rate of increase in systol- 
ic blood pressure was significantly less in patients with? 
3-vessel CAD than in control subjects (p <0.05), 
whereas the rate of increase among control subjects and 
among those with l- and 2-vessel CAD were similar. 
Regression equations for systolic blood pressure were: 
for controls, y = 0.87x + 130.94, r = 0.45, p <0.001; 
for l-vessel CAD, y = 0.73x + 137.91, r = 0.28, p 
<0.01; for 2-vessel CAD, y = 0.91x + 134.42, r = 
0.41, p <0.001; for 3-vessel CAD, y = 0.10x + 138.62, 
r = 0.05, p = not significant. 

Rate-pressure product increased significantly in all 4 
groups (p <0.001) (Figure 3C). The rate of increase of 
this parameter, however, was significantly lower in pa- 
tients with 3-vessel CAD than in the other 3 groups (p 
<0.05), whereas the rate of increase was similar among 
control subjects and those with 1- and 2-vessel CAD. 
Regression equations were: for control subjects, y = 
255x + 9286, r = 0.71; for l-vessel CAD, y = 285x +’ 
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9370, r = 0.66; for 2-vessel CAD, y = 251x + 9963, r 
= 0.76; for 3-vessel CAD, y = 143x + 10,664, r = 
0.50; p <0.001 for all 4 equations. 

Diastolic blood pressure did not change significantly 
with increasing doses of dobutamine in any of the pa- 
tient groups. 

Figure 3D shows the number of patients at each 
dose of dobutamine and forms the basis of the mean 
values used in Figure 3, A, B and C. Figure 3D shows 
that many patients received dobutamine beyond their 
ischemic threshold (compare with Figure 2). This oc- 
curred because a new wall motion abnormality appear- 
ing during low-dose dobutamine may have been missed 
during the test, only to be seen on subsequent analysis 
after the test. 

Electrocardiographic findings: Of the 51 patients 
with CAD, 6 developed ischemia as seen on electrocar- 
diography. Of these, 5 had abnormal dobutamine echo- 
cardiograms. One patient with normal coronary arteries 
developed ischemic changes on electrocardiography, but 
had a normal dobutamine echocardiogram. 

Adverse effects: No major complications occurred 
during the study. Transient chest pain occurred in 25 
patients, of whom 15 required nitroglycerin. Dyspnea 
occurred in 2 patients, facial tingling in 3 and a de- 
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creased systolic blood pressure of 10 mm Hg in 1. Atri- 
al premature contractions occurred in 5 patients, atrial 
fibrillation in 1 and premature ventricular contractions 
in 14. Nonsustained ventricular tachycardia occurred in 
5 of the original 74 patients. Of these, 4 had 1 or 2 runs 
of 3 to 6 beats, and 1 had 2 runs of 19 beats each. Most 
of these episodes occurred at high doses of dobutamine 
(20 to 35 ug/kg/min). All were asymptomatic and he- 
modynamically insignificant. One other patient had 
transient accelerated idioventricular rhythm. 


DISCUSSION 

Our results indicate that dobutamine digital echo- 
cardiography is an excellent technique for detecting 
CAD. The overall sensitivity and specificity were 86 
and 95%, respectively, with a sensitivity of 94% for 
identifying multivessel CAD. The accuracy of 71 and 
84% in predicting multivessel disease was moderately 
good. Ischemia induced by dobutamine occurred at dif- 
ferent thresholds depending on the severity of CAD and 
therefore provided valuable physiologic information. 

Comparison with previous reports of dobutamine 
stress testing: Our results compare favorably with 
previous reports on dobutamine stress testing. Berthe 
et al,! using nondigital echocardiography early after 
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FIGURE 2. Heart rate, systolic blood pressure, rate-pressure product and dose of dobutamine at ischemic threshold in patients 
with 1-(1VD), 2-(2VD) and 3-(3VD)vessel coronary artery disease. Height of bar = mean; bracket = standard deviation. 
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acute myocardial infarction, found a sensitivity and 
specificity for detecting multivessel CAD of 85 and 
88%, respectively. Mannering et al,!? in a similar 
group of patients, found a significant correlation be- 
tween dobutamine-induced echocardiographic wall mo- 
tion score index and exercise-induced ST-segment de- 
pression on electrocardiography. Sawada et al,** using 
digital echocardiography, obtained a sensitivity and 
specificity of 92 and 87%, respectively, in patients with- 
out asynergy at rest and induced new wall motion ab- 
normalities in 88% of patients with asynergy at rest. 
With thallium scintigraphy, Mason et al! observed a 
sensitivity and specificity of 94 and 87%, respectively. 
Freeman et al!’ reported similar results with radio- 
nuclide ventriculography and found a sensitivity and 
specificity of 89 and 93%, respectively. 

Physiologic response to dobutamine: [n the present 
study, dobutamine induced a significant increase in 
heart rate and a similar rate of increase of heart rate in 
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all patient groups. The uniformity of heart rate re- 
sponse suggests that the stress was reproducible and the 
test equally valid for all patient groups irrespective of 
the severity of CAD. However, systolic blood pressure 
increased in all groups except in patients with 3-vessel 
disease, where its rate of increase was also significantly 
lower. It may be concluded, therefore, that heart rate 
was the most important physiologic determinant of 
ischemia produced by dobutamine. However, direct 
measurements of contractility were not obtained in our 
study. 

In studies where direct assessment of left ventricular 
contractility were made, the importance of increases in 
heart rate in producing ischemia with dobutamine has 
been stressed. Rude et al’ studied the effect of tachy- 
cardia in anesthetized dogs subjected to coronary occlu- 
sion with low- and high-dose dobutamine and atrial 
pacing. Inotropic stimulation with dobutamine did not 
produce important injury in the ischemic zone unless 
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FIGURE 3. Regression lines for dose of dobutamine versus heart rate (A), systolic blood pressure (B) and rate-pressure 


(C). D shows the actual numbers of patients at each dose of dobutamine. Data 


points represent mean values. Closed circles, 


normal subjects; open circles, patients with 1-vessel (1 VD) coronary artery disease (CAD); closed triangles, patients with 2- 
vessel (2 VD) CAD; open triangles, patients with 3-vessel (3 VD) CAD. *p <0.05 for slope of 3-vessel CAD versus control sub- 
jects in B, and p <0.05 for slope of 3-vessel CAD versus normal subjects and patients with 1- and 2-vessel CAD in C. 
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heart rate increased simultaneously. Vatner and Baig® 
studied the effects of isoproterenol, dopamine and 
dobutamine on acute coronary ischemia in conscious 
dogs. With doses that increased left ventricular dp/dt 
equally, isoproterenol increased heart rate and de- 
creased myocardial blood flow and segmental shorten- 
ing in the ischemic zone, whereas dopamine and dobu- 
tamine did not alter heart rate or reduce ischemic zone 
blood flow or contractile function. At doses that in- 
creased heart rate, both dopamine and dobutamine re- 
duced blood flow and segmental shortening in the isch- 
emic zone. Kupper et al’ studied patients with con- 
gestive heart failure due to CAD. With low-dose dobu- 
tamine and no change in heart rate, myocardial con- 
tractility and oxygen consumption increased without re- 
sulting ischemia. With high doses, tachycardia super- 
vened producing ischemia. 

One of the benefits from the known physiolog- 
ic response to dobutamine deserves further comment. 
Whereas dobutamine can cause deterioration of con- 
tractile function in the ischemic zone, it enhances con- 
tractility in the normal zone. Echocardiographically, 
this enhanced contractility makes it easier to recog- 
nize adjacent wall motion abnormalities. Fung et al? 
showed that wall thickening increases in the normal 
zone and decreases in the adjacent ischemic zone using 
echocardiography in an open-chest dog model. 

In the present study, the failure of systolic blood 
pressure to increase in patients with 3-vessel CAD was 
probably related to a significantly lower baseline ejec- 
tion fraction in these patients (Table I). Contractility 
could not increase sufficiently to generate a higher sys- 
tolic arterial pressure. Freeman et al’ showed a decline 
in ejection fraction with the development of new wall 
motion abnormalities in 28% of patients with CAD un- 
dergoing dobutamine radionuclide ventriculography. 

Advantages of dobutamine digital echocardiogra- 
phy: The graded stress of dobutamine provides physio- 
logic data not available with other agents such as dipy- 
ridamole. Determination of heart rate and blood pres- 
sure at each stage of the dobutamine infusion allows 
quantification of the level of stress. Moment-to-mo- 
ment visualization of wall motion makes possible the 
determination of an ischemic threshold. Such informa- 
tion may have prognostic importance in predicting fu- 
ture cardiac events in a manner similar to graded exer- 
cise stress testing. Digital echocardiography greatly 
simplifies image acquisition and wall motion analysis in 
a relatively complex protocol. 

Adverse effects: The major adverse effect in this 
study was nonsustained ventricular tachycardia, which 
occurred in 5 of the original 74 patients. These episodes 
were transient and most occurred with high doses of 


dobutamine. These higher doses of dobutamine, how- 
ever, could be omitted. In the present study, only 10% 
of patients (3 of 31), who still had negative echocardio- 
grams at a dobutamine dose of 20 ug/kg/min, had 
multivessel CAD. Additional studies are needed to fur- 
ther assess the safety of dobutamine in this context. 


Acknowledgment: We are indebted to Stephen G. 
Sawada, MD, and Lynn Avant for their technical ad- 
vice concerning the digital echocardiography protocol. 
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Usefulness of Esmolol in Unstable 
Angina Pectoris 


Stefan H. Hohnloser, MD, Thomas Meinertz, MD, Thomas Klingenheben, MD, 
Bärbel Sydow, MD, and Hanjérg Just, MD, for the European Esmolol Study Group 


Esmolol is a new cardioselective 6 blocker with 
unique pharmacokinetic properties resulting in a 
half-life of only 9 minutes. The present multicen- 
ter, randomized, placebo-controlled study exam- 
ined the hemodynamic and antiischemic effects 
of this compound given as an adjunctive to con- 
ventional medical therapy in 113 patients with 
unstable angina. Fifty-nine patients received es- 
— molol and 54 received matching placebo infu- 
sions. Esmolol was titrated in a step-wise man- 
ner at dosages of 2 to 24 mg/min until a 25% 
reduction in the double product was achieved; 
thereafter, esmolol was continuously infused for 
up to 72 hours. Esmolol caused a significant and 
persistent decline in heart rate and blood pres- 
sure throughout the entire study period. Clinical 
events, such as development of acute myocardial 
infarction or the need for urgent revasculariza- 
tion, occurred in 3 esmolol compared with 9 pla- 
cebo patients (p = 0.06). There was also a trend 
toward reduction of silent ischemia as judged by 
Holter monitoring (mean [+ standard deviation] 
duration/patient/24 hours, 21 + 81 minutes in 
the esmolol and 35 + 128 minutes in the placebo 
groups). Esmolol-related adverse effects were 
mostly cardiovascular in origin and could be 
managed promptly by downward dose titration 
or cessation of drug infusion. Thus, esmolol ap- 
pears to be a safe and effective drug for patients 
with unstable angina because it permits a large 
degree of flexibility in adapting the desired level 
of 8 blockade to the patient’s changing clinical 
presentation. 

(Am J Cardiol 1991;67:1319-1323) 


From the University Hospital, Department of Cardiology, University of 
Freiburg, Germany. Manuscript received December 17, 1990; revised 
manuscript received and accepted February 14, 1991. 

Address for reprints: Stefan H. Hohnloser, MD, University Hospi- 
tal, Department of Cardiology, Hugstetterstrasse 55, 7800 Freiburg, 
Germany. 


he beneficial effects of 6 blocker therapy in 
patients with unstable angina pectoris have 
been demonstrated in several studies.!* How- 
ever, therapy with conventional, orally administered 8- 
blocking drugs is difficult in patients with concomitant 
bradycardia, hypotension, atrioventricular block, con- 
gestive heart failure or asthma. In large-scale 8-blocker 
trials of patients with acute myocardial infarction, these 
conditions account for up to 28% of excluded pa- 
tients.>-> 
The present study aimed to examine the effects of 
esmolol, a novel ultra-short-acting, intravenously ad- 
ministered 8 blocker, as an adjunctive to conventional 
therapy with nitrates and calcium antagonists in pa- 
tients with unstable angina. Because esmolol possesses a 
short pharmacokinetic and pharmacodynamic half-life, 
the drug should be particularly suitable for the induc- 
tion of various levels of G-receptor blockade in critically 
ill patients. In experimental studies, esmolol has been 
demonstrated to reduce myocardial ischemic damage.® 
Initial studies in humans have shown the safety and 
efficacy of the substance in reducing heart rate and 
blood pressure in patients with acute myocardial isch- 
emia even in the presence of left ventricular dysfunc- 
tion.’-? However, only a few patients with unstable an- 
gina have been treated with esmolol.!? Thus, we con- 
ducted a multicenter trial, adhering to a prospective, 
randomized, placebo-controlled study design, to investi- 
gate the hemodynamic and antiischemic effects of es- 
molol in a larger cohort of patients with unstable 
angina. 


METHODS 

Study population: Men and women (age range, 18 
to 75 years) consecutively referred for treatment of un- 
stable angina pectoris were eligible for the study. Coro- 
nary artery disease had to be diagnosed by 21 of the 
following methods: (1) electrocardiographic signs of 
previous myocardial infarction; (2) a >60% stenosis in 
a major coronary artery on angiography; and (3) a pos- 
itive exercise tolerance or thallium stress test. Unstable 
angina was defined as crescendo angina pectoris within 
the previous 3 months before entry into the study or as 
angina pectoris during rest. In any case, an episode of 
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TABLE I Esmolo! Titration Schedule 


Bolus For 4 Minutes 












Step (mg) [ml] (mg/min) [ml/hr] 





unstable angina pectoris had to be documented within 
the 48-hour period before hospitalization. Hemody- 
namic criteria for entry included a heart rate of >60 
beats/min and a systolic blood pressure >110 mm Hg. 
All concomitant antianginal medications, including ni- 
troglycerin, oral 6 blockers and calcium antagonists 
(except verapamil), were allowed. Exclusion criteria 
were acute myocardial infarction within 3 days before 
the study began, sick sinus syndrome, greater than 
first-degree atrioventricular block, bundle branch block, 
New York Heart Association class III and IV conges- 
tive heart failure or left ventricular ejection fraction 
<25%, valvular heart disease, hypertrophic cardiomy- 
opathy, obstructive lung disease, signs of digoxin intoxi- 
cation, and pulmonary hypertension. The study proto- 
col was approved by the ethics committee of the Uni- 
versity of Freiburg. 

Study medication: Esmolol +-methyl p-[2-hydrox- 
y-3-(isopropylamino) propoxy] hydrocinnamate hydro- 
chloride (Du Pont Pharmaceuticals), is a cardiose- 
lective 6; adrenoceptor antagonist without intrinsic 
sympathomimetic activity. Its duration of action is ex- 
tremely brief (half-life, 9.5 minutes) because of its rap- 
id metabolic degradation by esterases located in red 
blood cell cytosol.!!!2 This short duration of action 
permits rapid titration during intravenous infusion to 
achieve desired levels of 8-adrenergic blockade. Fur- 
thermore, with cessation of infusion, a rapid disappear- 
ance of untoward effects can be expected. 

Treatment protocol: During the control period, all 
baseline antianginal medications were held constant for 
=4 hours. A standard 12-lead electrocardiogram was 
obtained and 2 Holter monitoring leads were placed 
(modified leads aVF and V;). The rate-pressure double 
product was determined by averaging the heart rate 
and systolic blood pressure at 5-minute intervals for 15 
minutes. Patients were then randomized in a double- 
blind fashion to active treatment with esmolol or to pla- 
cebo infusion. The study medication was dissolved in 
480 ml of 5% glucose solution. 

During the titration phase, esmolol was titrated in 
step-wise increments at 5-minute intervals, aiming for a 
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TABLE ll Patient Population 


Esmolol 
(n = 59) 


61+9 

41 (70%) 
18 (30%) 
22 (37%) 


62 + 10 

38 (70%) 
16 (30%) 
17 (32%) 


Age (yr) 

Males 

Females 

ECG signs of 
acute ischemia 

Interval between 
last episode of 
chest pain (hrs) 

Intravenous 
nitroglycerin 

Calcium 
antagonists 

Oral B blockers 

Aspirin 15 (25%) 14 (26%) 

Intravenous heparin 40 (68%) 40 (74%) 


ECG = electrocardiographic. 


25% reduction in the rate-pressure product (Table 1). 
Blood pressure and heart rate were measured at every 
titration step. Dose increments were stopped when a 
decrease in heart rate to <55 beats/min occurred, 
when systolic blood pressure decreased to <95 mm Hg 
or with a drop in the rate-pressure product of >35%. 

After titration, a maintenance infusion for 24 to 72 
hours was begun at the final esmolol concentration. 
Heart rate and blood pressure were recorded every 30 
minutes for the first 12 hours and every 60 minutes 
thereafter. Clinical events were defined as development 
of acute myocardial infarction or the need for urgent 
revascularization by means of angioplasty or bypass 
surgery during or within 24 hours after cessation of in- 
fusion. At the end of the study, esmolol was discontin- 
ued or patients were weaned from it over a few hours. 
Oral 6-blocker therapy was instituted or continued at 
the decision of the treating physician. 

Holter monitoring: Patients underwent continuous 
2-channel electrocardiographic monitoring during the 
entire study period. For this purpose, bipolar electrodes 
were placed according to modified lead V; and aVF 
positions. Recordings were analyzed blindly at each 
study center. The number and total duration of isch- 
emic episodes, defined by either ST-segment depression 
or elevation of =1 mm and lasting >1 minute, were 
noted. These results were transferred to the coordinat- 
ing center for further statistical analysis. 

Statistical analysis: Data were analyzed on an in- 
tention-to-treat basis. All statistical analyses were per- 
formed using Statistical Analysis Systems version 5.16. 
Continuous variables were evaluated by means of the 2- 
sided ¢ test for paired values as well as by analysis of 
variance. Categorical data were analyzed by chi-square 
or Fisher’s exact test. A p value <0.05 was considered 
statistically significant. 


17+ 14 16 + 14 


47 (80%) 40 (87%) 


29 (49%) 29 (54%) 


7 (12%) 9 (17%) 
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RESULTS 

Patient population: Clinical characteristics of the 
study population are summarized in Table II. One hun- 
dred thirteen patients were randomized, 59 to esmolol 
and 54 to placebo infusion. There was no significant 
difference between both groups with regard to demo- 
graphic characteristics, electrocardiographic signs of 
acute ischemia at the time of hospitalization, and the 
interval between the last episode of chest pain and the 
beginning of the infusion. Aspirin or heparin, or both, 
was administered in 109 of 113 patients (96.5%). 
Nearly all patients received intravenous nitroglycerin as 
the baseline antianginal medication, without any signif- 
icant difference between both groups with respect to 
dosage. 

Hemodynamic results: The mean duration of the 
maintenance infusion averaged 34 + 15 hours for the 
esmolol and 36 + 15 hours for the placebo group (dif- 
ference not significant). In the esmolol group, the maxi- 
mal dose during titration averaged 17.4 + 6.7 mg/min; 
as expected, the maximal dose in placebo patients was 
significantly higher (22.1 + 4.8 mg/ml; p <0.05). 
During maintenance therapy, the average esmolol dose 
infused was 12.0 + 6.4 mg/min, compared with 13.2 
+ 5.9 mg/min in the placebo group. Esmolol decreased 
heart rate at the end of the titration period by 10.8% (p 
<0.05, compared with control patients; Figure 1). Sys- 
tolic and diastolic blood pressure declined significantly 
in the esmolol patients (p <0.05), resulting in a de- 
crease in the rate-pressure product of about 20% (Fig- 
ure 2). All described hemodynamic effects persisted 
throughout the entire study period (up to 72 hours). 

Antianginal effects: CLINICAL EVENTS: In the esmolol 
group, | patient had an acute myocardial infarction 
and 2 underwent urgent coronary artery bypass sur- 
gery. In contrast, 3 placebo patients developed acute 
myocardial infarction during the course of the study, 4 
underwent urgent angioplasty and 2 others underwent 


End of titration Maintenance End of infusion 
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FIGURE 1. Changes in heart rate during the course of the 
study. *p <0.05. 








bypass operations. Thus, only 3 esmolol patients (5%) 
had major clinical events, compared with 9 (17%) in 
the placebo group (p = 0.06, Fisher’s exact test). 

Symptomatic ischemia: Eighteen of 59 esmolol- 
treated patients (30%) reported recurrent angina dur- 
ing the infusion period, compared with 23 of 54 placebo 
patients (43%; difference not significant). The mean 
number of anginal episodes averaged 0.6 + 2.6/24 
hours in the esmolol and 0.5 + 0.7/24 hours in the 
placebo groups (difference not significant). The nor- 
malized duration of anginal symptoms amounted to 14 
+ 66 min/24 hours in the esmolol and 8 + 23 min/24 
hours in the placebo groups (difference not significant). 
In 6 esmolol (10%) and in 4 placebo patients (7%), 
angina was accompanied by ST-segment changes. 

Silent ischemia: Holter recordings suitable for ST- 
segment analysis were available in 99 patients. Episodes 
of silent ischemia were documented in 18 esmolol 
(35%) and in 17 placebo patients (36%; difference not 
significant). There was a trend toward a lower number 
of episodes of silent ischemia in the esmolol patients 
(0.8 + 1.9/24 vs 1.2 + 2.1/24 hours in the control 
group); however, this did not reach statistical signifi- 
cance. The same applied for the average duration of 
silent ischemia: esmolol group 21 + 81 min/24 hours, 
placebo group 35 + 128 min/24 hours. 
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FIGURE 2. Changes in r. 
the course of the study. *p <0.05. 
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FIGURE 3. Average duration of symptomatic (Symp.) and si- 


lent myocardial ischemia in patients randomized to esmolol or 
placebo infusion. 
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Total 23 (39%) 12 (22%) 

Cardiovascular 
Bradycardia 5 (8%) 0 

7 (12%) 3 (6%) 


1 (2%) 0 


Hypotension 
CHF worsening 
Extracardial 
Headache 
Gastrointest. 
Others 0 


2 (3%) 
10 (17%) 


5 (9%) 
4 (7%) 
3 (6%) 


CHF = congestive heart failure; Gastrointest. = gastrointestinal. 


Total ischemic burden: A total of 28 of 59 esmolol 
(54%) and 28 of 54 placebo patients (60%) exhibited 
symptomatic or asymptomatic myocardial ischemia, or 
both. The total number of ischemic events averaged 1.3 
+ 3.1/24 hours for the esmolol, compared with 1.6 + 
2.1/24 hours for the control patients (difference not 
significant ). Mean duration of ischemia was 32 + 100 
vs 39 + 121 min/24 hours, respectively (difference not 
significant; Figure 3). 

Adverse effects: [n 23 of 59 esmolol (39%) and in 
12 of 54 placebo patients (22%), =1 adverse effect was 
observed. In the esmolol group, the most frequent ad- 
verse effects were cardiovascular in origin (Table III). 
Sinus bradycardia (heart rate <50 beats/min) was ob- 
served in 5 patients, but in no patient was temporary 
pacing necessary. For safety reasons, 10 patients (8 es- 
molol, 2 placebo) were withdrawn from the study. In 
all other cases, adverse effects subsided with downward 
dose titration of esmolol within 10 to 30 minutes. 


DISCUSSION 

The present study aimed to evaluate the hemody- 
namic and antianginal effects of esmolol, a new cardio- 
selective 6-blocking agent, in patients with unstable 
angina pectoris. Esmolol possesses a half-life of only 
9 minutes and pharmacokinetic properties that permit 
almost immediate steady-state -adrenergic blockade 
when the drug is given with a bolus injection followed 
by continuous infusion.!3:!4 

Hemodynamic effects: As demonstrated in this se- 
ries of patients, esmolol safely lowers heart rate, arterial 
pressure and rate-pressure product in patients with un- 
stable angina. These beneficial effects are titratable ac- 
cording to the infusion regimen used in this study. 
These results are in agreement with those of other in- 
vestigators who examined the drug’s effects in patients 
with acute myocardial ischemia.’ Kirshenbaum et al® 
found no significant alteration in left ventricular func- 
tion during esmolol therapy. In the present study, es- 
molol was administered for infusion periods of up to 72 
hours without evidence for development of drug toler- 
ance. With cessation of the infusion, all esmolol-related 
hemodynamic effects subsided within 10 to 30 minutes, 





as described in other studies.’-!° Therefore, the short 
half-life of the drug appears to permit greater flexibility 
in adapting the desired degree of 8 blockade to the pa- 
tient’s evolving clinical status. Esmolol has the potential 
to be used as the initial therapy for unstable angina or 
acute myocardial syndromes, particularly in patients at 
risk for adverse reactions to 8 blockade.®.?:!5 

Antianginal effects: The usefulness of §-blocking 
therapy in patients with unstable angina pectoris has 
been demonstrated in randomized trials to be compara- 
ble to that of nifedipine! or diltiazem.* A large study 
investigating the effects of metoprolol in this setting 
demonstrated the superiority of this 8 blocker to nifedi- 
pine.'© The present placebo-controlled study showed 
that esmolol reduced the incidence of major clinical 
events, such as acute myocardial infarction or the need 
for urgent revascularization. There was also a trend 
toward reduction of silent ischemic episodes in esmolol- 
treated patients, although this did not reach statistical 
significance. However, there are several explanations 
for this observation. First, almost all patients received 
concomitant intravenous nitroglycerin as their basic 
antianginal medication, together with heparin or aspi- 
rin, or both. Thus, most patients were already on a vig- 
orous medical regimen that by itself has been shown to 
improve outcome in patients with unstable angina.!7 
Second, the study protocol allowed inclusion of patients 
who had had their last anginal attack as long as 48 
hours before hospitalization. This may have resulted in 
inclusion of some lower-risk patients. 

Tolerance of the drug: Although adverse effects 
were observed in many patients, most were minor. In 
general, esmolol proved to be a safe drug in patients 
with unstable angina. Due to the remarkably short 
half-life of the agent, all episodes of sinus bradycardia 
could easily be managed by simply stopping drug ad- 
ministration without the need for temporary pacing. 
Most other adverse effects could be dealt with by 
downward titration of esmolol without stopping drug 
administration. There was only 1 instance of worsening 
heart failure reported, which could also be managed by 
dose adjustment. Thus, esmolol appeared to be effective 
and well tolerated in patients with unstable angina pec- 
toris, and can be considered as a first-line drug for this 
condition. 
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APPENDIX 

The European Esmolol Study Group involved the fol- 
lowing centers: University of Freiburg, Department of 
Cardiology, Federal Republic of Germany; Dr. H.-D. 
Bolte, Dr. F. Goss, Community Hospital, Augsburg, 
Federal Republic of Germany; Dr. H. Simon, Commu- 
nity Hospital, Düren, Federal Republic of Germany; 
Dr. Beaufils, Hopital Lariboisiere, Paris, France; Dr. 
Morand, Dr. Gibelin, Hopital Pasteur, Nice, France; 
Dr. Degeorges, Dr. Weber, Hopital Cochin, Paris, 
France; Dr. Bossaert, Universitair Ziekenhuis, En- 
degem, Belgium; Dr. Rutsaert, Hopital Saint-Vincent, 
Anvers, Belgium; and Dr. P. A. Crean, St. James’ Hos- 
pital, Dublin, Ireland. 
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Effects of Hemoperfusion During Percutaneous 
Transluminal Coronary Angioplasty on Left 
Ventricular Function 


Jose R. Azpiri, MD, Robert J. Chisholm, MD, Kenneth R. Watson, MD, 
and Paul W. Armstrong, MD 


The effect of autologous blood perfusion, deliv- 


ered through an angiographic power injector, on 
alleviating left ventricular (LV) hemodynamic de- 
terioration during percutaneous transluminal 
coronary angioplasty (PTCA) was examined. LV 
systolic and diastolic pressures, LV peak positive 
and peak negative first derivative of LV pressure 
(dP/dt), and ST-segment shift were recorded in 9 
patients with and without hemopertusion. 

Hemoperfusion resulted in an improved LV 
hemodynamic profile during balloon occlusion, as 
reflected in LV systolic pressure (127 + 14 vs 
120 + 15 mm Hg, p = 0.01), LV end-diastolic 
pressure (17 + 14 vs 25 + 6 mm Hg, p <0.001), 
peak positive (1,237 + 240 vs 1,149 + 225 mm 
Hg/s, p <0.05) and peak negative (1,666 + 357 
vs 1,485 + 385 mm Hg/s, p = 0.003) dP/dt. He- 
moperfusion provides substantial protection for 
significant LV dysfunction induced by conven- 
tional PTCA in 1-vessel angioplasty and is a fea- 
sible option to protect against potential cardio- 
vascular collapse in high-risk PTCA. 

(Am J Cardiol 1991;67:1324-1329) 
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transluminal coronary angioplasty (PTCA) re- 

sults in functional and electrocardiographic al- 
terations characteristic of transmural myocardial isch- 
emia.'~’ These effects are of particular importance in 
patients with preexisting left ventricular (LV) dysfunc- 
tion and in those whose target coronary lesion supplies 
a large component of ventricular muscle. 

Interventions designed to minimize ischemia during 
PTCA include systemic or intracoronary administration 
of pharmacologic agents,*:?:!° mechanical support sys- 
tems,!!:!? and direct intracoronary injections of blood or 
perfluorochemicals.'3-23 Lehmann et al? demonstrated 
that active infusion of blood during PTCA using an 
angiographic power injector will ameliorate ischemic- 
induced electrocardiographic changes and chest pain. 
However, the physiologic impact of this strategy has 
not been evaluated. 

Accordingly, the present hemodynamic study was 
undertaken to determine the extent to which direct he- 
moperfusion into the distal segment beyond the PTCA 
balloon occlusion decreases ischemic-induced LV sys- 
tolic and diastolic dysfunction. 


T ransient coronary occlusion during percutaneous 


METHODS 

Study group: Patients undergoing major vessel 
PTCA with normal LV wall motion were eligible. Pa- 
tients with visible coronary collateral vessels to the tar- 
get vessel or with a major side branch that could be 
occluded during balloon inflation were excluded. All 
patients had Canadian Cardiovascular Society class 3 
to 4 angina and gave informed consent. 

Study protocol: An 8Fr PTCA-guiding catheter 
was inserted through a 9Fr intraarterial femoral sheath, 
and an 8Fr pigtail micromanometer-tip catheter (Mil- 
lar Instruments, Inc., Houston, Texas) was placed in 
the left ventricle through the contralateral femoral ar- 
tery. Prophylactic anticoagulation was achieved with 
10,000 U of intravenous heparin. PTCA was per- 
formed using over-the-wire angioplasty systems with ei- 
ther LPS II or Profile Plus balloon catheters (USCI, 
Billerica, Massachusetts). Successful PTCA was de- 
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fined as a decrease in percent diameter stenosis to 
<50%.74 

Once stability was ensured after successful PTCA, 2 
further 60-second balloon inflations were performed 
separated by 3 minutes to allow hemodynamic parame- 
ters to return to baseline. In a randomized fashion, each 
patient underwent hemoperfusion during 1 inflation 
and no perfusion during the other. 

Hemoperfusion was accomplished by withdrawing 
75 ml of arterial blood through the 9Fr sheath into an 
angiographic power injector (Mark V, Medrad, Pitts- 
burgh, Pennsylvania; maximal delivery pressure 300 
psi). Once air bubbles were cleared from the system 
and 1,000 U of heparin added, the power injector was 
connected to the central lumen of the angioplasty cath- 
eter leaving the 0.014-inch guidewire in place within 
the catheter and in the distal vessel. The injection rate 
was | ml/s for 60 seconds, and a total of 60 ml was 
administered over | minute with the balloon inflated. 
This injection rate was selected to provide maximal cor- 
onary flow without concomitant hemolysis.!’,7 

To evaluate the presence of hemolysis, peripheral 
venous blood samples for serum potassium, lactic dehy- 
drogenase, plasma free hemoglobin and haptoglobin 
were taken immediately after placement of the intra- 
vascular sheaths and just before they were removed 
(within 6 hours). Local coronary complications such as 
air or thrombus embolization, dissection or spasm were 
systematically assessed on a biplane coronary angio- 
gram after completion of the perfusion studies and in- 
terpreted by an independent observer. 


FIGURE 1. Effect of hemoperfusion (open 
squares and dashed lines) and no pertu- 
sion (closed circles and continuous lines) 


coronary 

tion and the following 60 seconds of defia- 
tion. *p <0.05 versus no s+=p 
<0.05 versus 0 time (analysis of vari- 
ance). 
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Data acquisition and analysis: Single-lead electro- 
cardiograms (lead V5 for left anterior descending ar- 
tery, lead I for the circumflex coronary artery), LV 
pressure, and the first derivative of LV pressure 
(dP/dt) were recorded continuously before, during and 
| minute after balloon inflation. Patients were evaluat- 
ed clinically and chest pain was noted. 

All data were subsequently analyzed by | of the in- 
vestigators (JRA) unaware of the treatment assign- 
ment. The cumulative effect of ischemia and hemoper- 
fusion on LV systolic and diastolic function was 
assessed by averaging the decrease from baseline (aver- 
age change) in positive and negative dP/dt during bal- 
loon inflation. 

Data are expressed as mean + standard deviation. 
Differences within and between groups were tested us- 
ing analysis of variance for repeated measurements. 
Simple linear regression analysis was used for correla- 
tions. A p value <0.05 was considered significant. 


RESULTS 

Nine men, aged 52 + 10 years, with successful an- 
gioplasty to very proximal lesions were studied. Eight 
underwent PTCA to the anterior descending and | to 
the circumflex coronary artery. Mean diameter stenosis 
before and after PTCA was 92 + 5 and 20 + 12%, 
respectively (p <0.001). Mean transstenotic gradient 
before and after PTCA was 52 + 18 and 14 + 12 mm 
Hg, respectively (p <0.001 ). 

Chest pain and ST-segment elevation were infre- 
quent in this study. Three patients developed chest pain 
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and ST elevation during inflation without hemoperfu- 
sion. During hemoperfusion, only 1 patient developed 
these symptoms, and they occurred 25 seconds later 
than those that occurred without hemoperfusion. 

In Figure 1, LV systolic pressure is shown during 
and after release of occlusion. A significant decrease in 
LV systolic pressure is seen in the control occlusion at 
50 seconds. During hemoperfusion, there was no signif- 
icant change in LV systolic pressure; furthermore, the 
pressure remained significantly higher during perfusion 
in the last 30 seconds of inflation compared with infla- 
tion without hemoperfusion. LV end-diastolic pressure 


Time (sec) 


(Figure 2) increased significantly at 30 seconds with 
both types of inflation, but the changes were signifi- 
cantly more pronounced without hemoperfusion. 
During nonperfused inflation, peak positive LV 
dP/dt decreased significantly at 20 seconds and re- 
mained diminished for the total occlusion period (Fig- 
ure 3). After deflation, there was a rapid return to 
baseline and an overshoot which was not statistically 
significant. Hemoperfusion retarded the onset and at- 
tenuated the decrease in peak positive dP/dt induced 
by balloon occlusion. Peak positive dP/dt was signifi- 
cantly higher during hemoperfusion throughout the en- 


FIGURE 2. Effect of hemopertfusion (open 

Sour Tena TERE E 
sion (closed circles and continuous lines) 
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loon inflation and the following 60 seconds 
of deflation. *p <0.05 versus no perfu- 
sion; + = p <0.05 versus 0 time (analysis 
of variance). 
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FIGURE 3. Effect of hemoperfusion (open 
O EE a apare: 
sion (closed circles and continuous lines) 
on peak positive left ventricular pressure 
(LV dP/dt) (mean + standard deviation) in 
9 patients during 60 seconds of percuta- 
neous transluminal coronary angioplasty 
balloon inflation and the following 60 sec- 
onds of deflation. *p <0.05 versus no per- 
fusion; + = p <0.05 versus 0 time (analy- 
sis of variance). 
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tire occlusive period and the apparent overshoot seen 
during the first 60 seconds of reperfusion was not ob- 
served during hemoperfusion; in fact, peak positive 
dP /dt was significantly less after balloon occlusion with 
than without perfusion. 

Without perfusion, peak negative dP/dt decreased 
significantly at 20 seconds of balloon occlusion, reached 
a nadir at 30 seconds and remained depressed through- 
out occlusion; it returned to baseline 15 seconds after 
reperfusion (Figure 4). Peak negative dP/dt also de- 
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FIGURE 4. Effect of hemoperfusion (open 
squares and dashed lines) and no perfu- 
sion (closed circles and continuous lines) 
on peak negative first derivative of left 
ventricular pressure (dP/dt) (mean + stan- 
dard deviation) in 9 patients during 60 
seconds of percutaneous transluminal cor- 
onary angioplasty balloon inflation and the 
following 60 seconds of deflation. *p 
<0.05 versus no perfusion; + = p <0.05 
versus 0 time (analysis of variance). 


2000 


1800 


1600 


1400 


1200 


creased during hemoperfused balloon occlusion, but the 
changes were less marked (p <0.003) during 20 to 60 
seconds of occlusion. 

The average change in peak positive dP/dt (Figure 
5) was —220 + 90 and —85 + 58 mm Hg/s during 
nonperfused and hemoperfused inflations, respectively 
(p <0.001). The average change in peak negative 
dP/dt was —369 + 198 and —175 + 189 mm Hg/s 
during control and hemoperfusion, respectively (p = 
0.007). Therefore, hemoperfusion at 60 ml/min re- 
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FIGURE 5. Mean change (+ standard deviation) during 60 seconds of inflation in peak positive (left panel) and peak negative 
(right panel) first derivative of left ventricular pressure (dP/dt) during no perfusion (solid bars) and hemoperfusion (dashed 


bars) periods. 
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TABLE I Tests for Hemolysis 


Percutaneous Transluminal 
Coronary Angioplasty 


Before After 


3.9+0.1 

84 + 10 
0.06 + 0.08 

2.2 os 


41+ 0:2 
82 + 10 


Potassium (mmol/liter) 

Lactic dehydrogenase (U/liter) 
Plasma free Hgb (g/liter) 0.04 + 0.07 
Haptoglobin (g/liter) 2.4 + 0.9 
Values are expressed as mean + standard deviation. 


There were no significant differences between the groups. 
Hgb = hemoglobin. 





duced average ischemic systolic dysfunction during bal- 
loon occlusion by 61% and average diastolic dysfunc- 
tion by 53%. 

There was no significant difference in serum potassi- 
um, lactic dehydrogenase, plasma free hemoglobin and 
haptoglobin before and after the study (Table I). There 
was no evidence of spasm, dissection or embolization on 
the coronary arteriogram performed after perfusion 
studies. 


DISCUSSION 

In this randomized, crossover study we have shown 
that hemoperfusion provides considerable protection 
from the profound LV functional alterations induced by 
balloon occlusion during conventional PTCA. Nonper- 
fused, control inflations produced a maximal decrease 
of 20 and 25% in positive and negative dP /dt as well as 
significant alterations in LV systolic and diastolic pres- 
sures. These values are consistent with previous stud- 
ies.%56.7-13 Hemoperfusion at 60 ml/min during PTCA 
produced a significant reduction in systolic and diastolic 
dysfunction of 61 and 53%, respectively. The alter- 
ations induced by hemoperfusion were uniform in each 
patient studied. 

The differences in chest pain and electrocardio- 
graphic changes between the nonperfused and hemo- 
perfusion inflations were modest in this study and may 
be related to the small number of patients involved, and 
the use of single-lead monitoring. The changes, how- 
ever, were consistent with previous observations that 
functional alterations precede electrocardiographic 
changes and the development of chest pain. !-4 

There were no untoward events associated with this 
study. Specifically, the infusion of arterial blood at a 
rate of 60 ml/min was not associated with an increase 
in indexes of hemolysis. Moreover, local coronary com- 
plications including spasm or dissection were not ob- 
served. A previous report of hemoperfusion in 9 pa- 
tients suggested problems of unreliable delivery and po- 
tential thrombus formation, which precluded its general 
applicability.” Our experience and that of other inves- 
tigators*> suggest that this does not occur when hemo- 
perfusion is performed using the delivery system out- 


lined. However, longer infusion periods may produce 
clinically detectable degrees of hemolysis. 

The perfluorochemical emulsion Fluosol® has been 
investigated as a promising agent to protect ischemic — 
myocardium during PTCA because of its high oxygen- 
carrying capacity.? However, Tokioka et al!> suggest- 
ed more complete protection with hemoperfusion than 
with Fluosol. 

An autoperfusion catheter that allows passive coro- 
nary perfusion through the inflated balloon has recently 
been introduced.7? However, in the setting of myocardi- 
al ischemia when systemic pressure decreases, LV end- 
diastolic pressure increases, and the coronary perfusion 
pressure may markedly decline, this may be unpredict- 
able and inadequate in high-risk situations.”° The sig- 
nificant complication rate of partial cardiopulmonary 
bypass support has hampered application of this protec- 
tive technique.”° 

Our patients were highly selected and all had proxi- 
mal coronary stenosis, normal LV wall motion and no 
visible collateral vessels. We chose this group both to 
maximize our ability to discern the unfavorable effects 
of balloon occlusion and to examine a protective strate- 
gy. There was remarkable uniformity of impaired LV 
function during nonperfused PTCA and improvement 
with hemoperfusion in all patients. It is unknown 
whether longer perfusion periods would lead to sus- 
tained myocardial protection or evidence of hemolysis. 
The catheters we used had a large bore central lumen 
allowing perfusion without guidewire removal. Similar 
catheters were used in a Fluosol perfusion study.?5 Cur- 
rently, PTCA balloons have a smaller caliber and 
would not permit equivalent flow rates with the guide- 
wire in place. 

We have demonstrated hemodynamic benefit of he- 
moperfusion through a balloon catheter during PTCA. 
Modifications that allow delivery over sustained periods 
may afford substantial benefit during high-risk PTCA. 
Comparison of hemoperfusion and Fluosol during long- 
er inflation periods appears warranted. 
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Detection of Intracoronary Fibrin Degradation 
After Coronary Balloon Angioplasty 


Michael E. Ring, MD, John J. Vecchione, MD, Louis D. Fiore, MD, Nicholas A. Ruocco, Jr., MD, 
Alice K. Jacobs, MD, Daniel Deykin, MD, Thomas J. Ryan, MD, and David P. Faxon, MD 





Intracoronary thrombus formation may be in- 
volved in the pathogenesis of arterial closure af- 
ter coronary angioplasty and may contribute to 
restenosis. It is hypothesized that, unlike mark- 
ers of platelet activation and fibrin formation, D- 
dimer, a product of plasmin-mediated proteolysis 
of cross-linked fibrin, is not subject to significant 
catheter-induced artifact and could be used to 
study intracoronary fibrin degradation during 
angioplasty. No significant difference in D-dimer 
levels was noted in serial plasma samples ob- 
tained from an 8Fr arterial sheath and the wire 
lumen of an angioplasty balloon catheter, indi- 
cating that sampling through the catheter lumen 
did not induce artifactual D-dimer elevations. 
Translesion (proximal and distal to the lesion) 
coronary blood samples were collected in 31 pa- 
tients undergoing elective coronary angioplasty 
pretreated with aspirin, dipyridamole and hepa- 
rin. In 20 of those in whom translesion coronary 
samples for plasma D-dimer levels (mean + stan- 
dard deviation) were collected before balloon di- 
lation, there was no evidence of ongoing intra- 
coronary fibrinolysis (proximal D-dimer levels, 
289 + 145 ng/ml; distal, 299 + 156 ng/ml; dif- 
ference not significant). After coronary angio- 
plasty (n = 31), there was a relatively small, but 
significant (p <0.001) increase (45 + 71 ng/ml) 
in translesional D-dimer levels (proximal, 396 + 
223 ng/ml; distal, 441 + 257 ng/ml). The re- 
sults from this study suggest (1) D-dimer levels 
are not subject to significant catheter-induced 
artifact and may be useful for assessment of in- 
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tracoronary fibrin metabolism, and (2) intracoro- 
nary degradation of fibrin can be detected after 
(but not before) routine coronary angioplasty de- 
spite pretreatment with antithrombotic therapy, 
presumably in response to balloon-induced arte- 


rial injury and fibrin formation. 
(Am J Cardiol 1991;67:1330-1334) 
| play an important role in the pathogenesis of 
abrupt vessel occlusion after coronary angioplasty 
and possibly late restenosis.!:? Most previous assess- 
ments of intracoronary thrombus have relied on angiog- 
raphy, which has inherent limitations.? Thrombus for- 
mation can be quantitated biochemically by measure- 
ment of molecular markers of platelet activation and 
fibrin formation. Unfortunately, collection of blood via 
standard intravascular catheters causes activation of 
platelets and the coagulation system, leading to arti- 
factual elevation of these markers.* Recently, a sensi- 
tive and specific immunoassay has been developed for 
measurement of D-dimer, a product of plasmin-mediat- 
ed proteolysis of cross-linked fibrin polymer. Because 
fibrinolysis occurs only after fibrin is formed, D-dimer 
levels may provide an index of thrombus formation, 
particularly in the case of active thrombi where forma- 
tion and degradation are occurring simultaneously. Pre- 
vious observations have shown that, unlike @ thrombo- 
globulin and fibrinopeptide A, D-dimer levels appear 
unaffected by sample collection technique (unpublished 
data), and that plasma and serum D-dimer levels from 
normal subjects are similar.*6 We hypothesized that 
transcatheter collection of intracoronary samples for D- 
dimer determination could be used to study thrombus 
formation after coronary angioplasty in humans. 


ntracoronary thrombus formation is believed to 


METHODS 

Study patients and angioplasty procedure: Light 
subjects were studied to determine if blood samples 
could be drawn through the angioplasty balloon cathe- 
ter without inducing artifactual elevation of D-dimer 
levels. Pilot studies performed with various models of 
balloon catheters revealed that only those with wire lu- 
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mens large enough to measure distal pressures were 
suitable for transcatheter sample collection. In this 
study, transcatheter samples were collected with Profile 
Plus™ or Simplus™ balloon catheters (United States 
Catheter Instrument Company, Billerica, Massachu- 
setts) with 0.014-inch Teflon™-coated angioplasty wires 
in place. Coronary blood samples were collected from 
31 patients who underwent successful coronary angio- 
plasty by standard techniques from the femoral ap- 
proach. They were pretreated with 325 mg of oral aspi- 
rin and 75 mg of dipyridamole. After arterial access 
was achieved, sufficient intravenous heparin was given 
to raise the activated clotting time >300 seconds. Intra- 
coronary nitroglycerine (100 to 200 ug) was given be- 
fore introduction of the angioplasty catheter and sev- 
eral times during the procedure. In patients undergo- 
ing multilesion angioplasty, coronary samples were ob- 
tained only at the first attempted lesion. Patients who 
received thrombolytic therapy during the procedure or 
who had angioplasty of a bypass graft were excluded. 

Study protocol and sample collection: In the study 
of the effect of sample collection on D-dimer concentra- 
tion, an initial sample was collected via the sidearm of 
the 8Fr femoral arterial sheath. Before collection of 
sheath samples, 5 ml of blood was withdrawn and dis- 
carded. An additional 2.0 ml of blood was then aspirat- 
ed into a 3-ml plastic syringe. The distal tip of the angi- 
oplasty catheter with the wire in place was then posi- 
tioned in the iliac artery just outside the sheath: 4 
transcatheter samples were collected at 5-minute inter- 
vals. Before sample collection via the angioplasty cathe- 
ter, 1.5 ml of fluid (mixture of blood and heparinized 
saline) was aspirated from the wire lumen and discard- 
ed. A 2.0-ml blood sample was then aspirated (typically 
within 15 seconds) into a 3-ml plastic syringe. The bal- 
loon catheter was then removed from the sheath and an 
additional sheath sample was collected as detailed. Af- 
ter each sample collection, the catheter lumen or side- 
arm of the sheath was promptly flushed with heparin- 
ized saline. 

Translesion coronary samples were obtained before 
and after coronary angioplasty. After the target lesion 
was successfully crossed by the angioplasty guidewire 
and before the balloon catheter was advanced across 
the lesion, an initial coronary sample was collected via 
the angioplasty catheter, with the distal tip of the cath- 
eter fluoroscopically positioned approximately 1 cm 
proximal to the lesion. Immediately after the lesion was 
crossed by the balloon catheter with the tip positioned 
approximately 1 cm distal to the lesion, an additional 
sample was collected. Samples were not obtained in pa- 
tients before angioplasty if they manifested evidence of 
ischemia (angina or electrocardiographic changes, or 


both) while the lesion was being crossed with either the 
wire or the balloon catheter, if the lesion was previously 
totally occluded or if there was decreased coronary flow 
after the lesion was crossed with the balloon catheter 
(defined as <2 grade flow in the Thrombolysis in Myo- 
cardial Infarction study).’ In these cases (n = 11), only 
samples obtained after angioplasty were available. Af- 
ter the last balloon inflation, but before removal of the 
angioplasty wire and catheter from the coronary artery, 
translesion samples were again collected 1 cm proximal 
and distal to the dilation site. Coronary angiograms 
were reviewed by a single experienced angiographer 
blinded to the D-dimer results. Lesion stenosis was de- 
termined using digital calipers. Lesion morphology be- 
fore angioplasty was assessed according to the classifi- 
cation of Ambrose et al.’ The protocol was approved by 
the Institutional Review Board of Boston University. 

Processing of blood samples and assay for D-di- 
mer: Blood from the collection syringe was rapidly 
transferred into a 1.8-ml Vacutainer™ tube (Becton 
Dickinson, Rutherford, New Jersey) containing 0.2 ml 
of 3.8% buffered citrate anticoagulant solution. The 
contents of the tube were gently inverted several times 
to ensure mixing and were immediately refrigerated. At 
completion of the procedure, tubes were centrifuged at 
1,500 X G for 15 minutes. The resultant plasma was 
aspirated with a plastic pipette, transferred to storage 
tubes and frozen at —20°C until assay. D-dimer levels 
were determined using a commercially available en- 
zyme-linked immunosorbent assay with a <5% intra- 
assay coefficient of variation (American Bioproducts, 
Parsippany, New Jersey). 

Statistical analysis: All data are presented as mean 
+ standard deviation of the mean. D-dimer levels in 
iliac artery samples collected serially via the arterial 
sheath and the angioplasty balloon catheter were com- 
pared by repeated measures analysis of variance. Dif- 
ferences in individual translesion D-dimer levels were 
compared by the ¢ test for paired data. Comparisons 
between subgroups were performed using the non- 
paired ¢ test. A p value <0.05 was considered statisti- 
cally significant. 


RESULTS 

There was essentially no statistical difference be- 
tween D-dimer levels collected from the sidearm of the 
femoral sheath and any of the serial iliac samples 
drawn through the balloon catheter over a period of 20 
minutes (Table I). 

Clinical, angiographic and procedural characteris- 
tics of the study group are listed in Table II. Only 3 
patients had chest pain in the 24 hours preceding an- 
gioplasty. Systemic heparin was used before angio- 
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TABLE I D-Dimer Levels in Iliac Artery Samples Obtained Via the Arterial Sheath and Angioplasty Balloon Catheter Lumen in Eight 
Subjects 


10 Minutes 
B. Cath. 


386 + 264 


Baseline 5 Minutes 


Sheath B. Cath. 
429 + 305 402 + 293 


yr are presented as mean + standard deviation ng/ml. 


ath. = balloon catheter. 
None of the values are statistically significantly different. 


plasty in 7 patients with unstable angina or postinfarc- 
tion angina. 

Predilation translesion D-dimer samples were ob- 
tained in 20 patients. There was no significant differ- 
ence between proximal and distal D-dimer levels (289 
+ 145 vs 299 + 156 ng/ml, respectively). No correla- 
tion between D-dimer levels and lesion morphology was 
noted. 

After angioplasty, there was a relatively small, but 
highly significant (p <0.001) translesion D-dimer in- 
crease (45 + 71 ng/ml) for the group (proximal, 396 
+ 223 ng/ml; distal, 441 + 257 ng/ml; Figure 1). 
There was no difference in the postangioplasty trans- 






TABLE II Clinical, Angiographic and Procedural Characteristics 
of the 31 Study Patients 


Variable 











Value* 





D—Dimer (ng/ml) 






















Clinical 
Age (yr) 58 +11 
Sex (% male) 84% 
Indication for angioplasty 
Stable angina 12 (39) 
Unstable angina 6 (19) 
Post-MI (within 4 wks) chest pain 4 (13) 
Restenosis after successful PTCA 7 (23) 
Asymptomatic 2 (6) 
Medications 
Nitrates 23 (74) 
Beta blockers 22 (71) 
Calcium antagonists 25 (81) 
IV heparin before PTCA 7 (23) 
Chest pain within 24 hrs of procedure 3 (10) 
Pre-PTCA angiography 
Number of coronary vessels with > 50% stenosis 
One 20 (65) 
Two 11 (35) 
Lesion morphology 
Concentric 8 (26) 
Type | 9 (29) 
Type || 9 (29) 
Multiple irregularities 2 (6) 
Total occlusion 3 (10) 
Lesion stenosis (%) 79 +11 
Translesion gradient (mm Hg) (n = 27) 55+18 






Procedural and post-PTCA variables 








Number of inflations $11.3 
Residual stenosis (%) 23+10 
Post-PTCA translesion gradient (mm Hg) 9+6 






*Data are expressed as number and percentage (%) of patients except for continuous 
variables, which are expressed as mean + standard deviation. 

IV = intravenous; MI = myocardial infarction; PTCA = percutaneous transluminal 
coronary angioplasty. 












Final 
Sheath 


20 Minutes 
B. Cath. 


15 Minutes 
B. Cath. 


408 + 284 394 + 308 378 + 268 


lesion D-dimer increase between the 20 patients in 
whom translesion coronary samples were collected be- 
fore balloon dilation and the 11 patients without predi- 
lation samples (47 + 74 vs 44 + 68 ng/ml, respective- 
ly). A translesion increase in distal D-dimer levels was 
observed in 22 of 31 subjects. In the remaining 9, the 
distal D-dimer levels were 13 + 14 ng/ml lower than 


P <0.001 


Distal 


FIGURE 1. Individual transiesion (proximal and distal) D-di- 
mer values for the 31 study subjects. 


Proximal 


Individual Translesion 
D-Dimer Differences 


Tear/ 
Dissection 


Filling Defect/ 
Haziness 


Uncompli- 
cated 


Gradient 
)20 mmHg 





FIGURE 2. Individual translesion D-dimer differences between 
distal and proximal levels according to angiographic or hemo- 
dynamic abnormalities after angioplasty. The single subject 
with a gradient of 25 mm Hg after angioplasty had an unre- 
markable angiographic result. 
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the paired proximal sample, which is within the vari- 
ability of the D-dimer assay and probably reflects little 
or no D-dimer formation at the lesion, rather than an 
actual decrease in translesion D-dimer levels. 

Individual translesion D-dimer results are shown in 
Figure 2 according to the presence of postangioplasty 
intimal tear/dissection (n = 6), filling defect /intra- 
luminal haziness (n = 5), unexplained high residual 
gradient (25 mm Hg, n = 1), or none of the above (n 
= 19). No significant differences in D-dimer levels 
were evident between groups. Of particular interest was 
a translesion D-dimer increase of 256 ng/ml (the high- 
est in the study) in a subject with postangioplasty intra- 
luminal haziness, a residual 17% stenosis and an 8-mm 
Hg gradient, who had abrupt closure 20 minutes after 
the procedure. Another subject with a small post-dila- 
tion intimal tear and a translesion D-dimer increase of 
6 ng/ml had abrupt closure 3 hours after angioplasty 
that was secondary to development of a large dissec- 
tion. These were the only study patients who had 
abrupt closure. 


DISCUSSION 

The results of this study indicate that serial trans- 
catheter samples for plasma D-dimer levels can be col- 
lected without artifactual elevation. This is in con- 
trast to catheter-induced artifactual elevations associ- 
ated with other markers of thrombosis such as 8 throm- 
boglobulin and fibrinopeptide A.* This apparent free- 
dom of D-dimer from collection artifact may be due to 
the multistep process required to generate D-dimer, 
which entails thrombin-mediated conversion of fibrino- 
gen to fibrin I and II, activation of Factor XIIIA, cross- 
linking of fibrin polymers and activation of plasmino- 
gen to plasmin. 

In the 20 patients in whom coronary samples were 
obtained before angioplasty, no significant translesion 
increase in D-dimer levels was detected. This suggests 
that the lesions did not contain “active” thrombus be- 
fore balloon dilatation. In addition, the absence of an 
increase in D-dimer levels in the pre-angioplasty distal 
samples, compared with proximal samples, suggests 
that passage of the angioplasty catheter into the coro- 
nary artery and beyond the stenosis did not itself induce 
thrombus formation and degradation during the period 
of sample collection. 

There was a relatively small but highly significant 
(p <0.001) translesion increase in D-dimer levels for 
the group. Because of the small translesion D-dimer 
increase in many patients, relative to the coefficient of 
variation of the D-dimer assay, the precise number of 
patients who actually had a translesion increase cannot 
be accurately assessed. Of interest was the observation 


that the highest translesion D-dimer increase occurred 
in a patient who had abrupt vessel closure shortly after 
angioplasty. A much larger study would be necessary to 
assess the usefulness of intracoronary D-dimer mea- 
surements for identification of patients at risk for 
abrupt closure after angioplasty; however, it should be 
noted that another subject who developed abrupt clo- 
sure secondary to dissection had only a small trans- 
lesion D-dimer increase immediately after angioplasty. 

Although this study failed to demonstrate evidence 
of intracoronary fibrin degradation before angioplasty, 
the possibility of preexisting, but nonactive, thrombus 
in some patients is not ruled out, because essentially all 
patients were asymptomatic for >24 hours before angi- 
oplasty. 

A potential limitation of D-dimer as a marker for 
localizing sites of active fibrin metabolism (i.e., coro- 
nary lesions) may be its prolonged circulatory half-life 
(4 to 6 hours).? Thus, only relatively active sites would 
generate sufficient D-dimer to increase levels apprecia- 
bly above baseline (systemic) levels. In the case of fi- 
brin formation not accompanied by ongoing fibrinoly- 
sis, D-dimer will not be immediately formed. In addi- 
tion, it is possible that D-dimer may be generated from 
fibrinolysis of preexisting thrombus without concurrent 
new thrombus formation. 

The findings of this study lend further support to 
animal!®!! and postmortem!? data, which indicate that 
thrombus formation frequently occurs in the area of 
balloon-induced arterial injury despite heparin and 
aspirin pretreatment. The results of angioscopy stud- 
ies*:!3 as well as the present study emphasize the inher- 
ent limitations of angiography for detection of intracor- 
onary thrombus. Translesion D-dimer measurements 
may prove useful in assessing the relative effect on in- 
tracoronary fibrin metabolism of newly proposed angio- 
plasty technologies, such as lasers and stents, as well as 
the efficacy of novel antithrombotic agents. 
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The present study compares the relative useful- 


ness of the maximal treadmill exercise electro- 
cardiography test with the high-dose dipyrida- 
mole echocardiography test (echocardiographic 
monitoring during dipyridamole infusion up to 
0.84 mg/kg in 10 minutes) in detecting severe 
restenosis or coronary artery disease progres- 
sion (>70% stenosis) in asymptomatic patients 
12 months after a primary successful coronary 
angioplasty. Criteria of positivity were: for the 
exercise electrocardiography test, an ST-seg- 
ment shift 20.1 mV from baseline, 0.08 second 
from the J point; for the dipyridamole echocardi- 
ography test, a transient dyssynergy of contrac- 
tion, absent or of a lesser degree than that in the 
baseline examination. The exercise electrocardi- 
ography and dipyridamole echocardiography 
tests revealed a similar feasibility (91 vs 87%, 
difference not significant). Both tests could be 
performed in 75 patients. For detection of reste- 
nosis or disease progression, or both, the exer- 
cise electrocardiography test revealed a sensitiv- 
ity similar to the dipyridamole echocardiography 
test (71 vs 71%, difference not significant), but 
a lower specificity (61 vs 90%). It is concluded 
that the high-dose dipyridamole echocardiogra- 
phy test is equally feasible but more accurate 
than the exercise electrocardiography test for 
noninvasive detection of severe asymptomatic 
restenosis or disease progression at 1 year after 
successful coronary angioplasty. 

(Am J Cardiol 1991;67:1335-1338) 
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stenosis after percutaneous transluminal coro- 

nary angioplasty is an elusive diagnostic task. 
Exercise electrocardiography remains the standard pro- 
cedure for functional evaluation and follow-up in these 
patients but has a relatively low specificity.'-> Recent 
reports of stress thallium-201 tomographic imaging un- 
derline a disappointingly low specificity* in patients af- 
ter a coronary angioplasty. Recently, the usefulness of 
high-dose dipyridamole echocardiography for the physi- 
ologic evaluation of angioplasty results has been report- 
ed. The low cost, noninvasiveness and availability of 
echocardiography, as well as the excellent feasibility, 
reproducibility, safety and diagnostic accuracy of dipy- 
ridamole echocardiography, make it an attractive, exer- 
cise-independent, potential tool for serial diagnostic 
evaluation. The present study compares the relative 
usefulness of dipyridamole echocardiography with exer- 
cise electrocardiography in detecting restenosis or coro- 
nary artery disease progression in asymptomatic pa- 
tients 12 months after a primary successful coronary 
angioplasty. 


T he noninvasive recognition of asymptomatic re- 


METHODS 

Study population: Of a pool of 970 patients under- 
going coronary angiography in our institution, an initial 
set of 180 underwent coronary angioplasty from June 
1987 to May 1988. Twenty-seven patients had to be 
excluded owing to unsuccessful coronary angioplasty, 
46 for recurrence of angina before 1 year and 20 for 
unwillingness to undergo control coronary angiography. 
All patients abstained from antianginal therapy for 
>48 hours at the time of testing and underwent exer- 
cise electrocardiography and dipyridamole echocardiog- 
raphy on different days and in random order. Coronary 
angiography was performed in all patients within 48 
hours after exercise electrocardiography and dipyrida- 
mole echocardiography. 
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TABLE I Characteristics of Patient Population 


Patients n= 87 
M/F 79/8 

Age (yrs) 53 + 8 
History of AMI 22 (25%) 
1-vessel CAD 79 (91%) 
2-vessel CAD 8 (9%) 
1-vessel PTCA 80 (92%) 
2-vessel PTCA 7 (8%) 
Percent coronary stenosis before PTCA 76 + 10* 
Percent coronary stenosis after PTCA 29 + 9,4* 


*When indicated, values are expressed as mean + standard deviation. 
AMI = acute myocardial infarction; CAD = coronary artery disease; PTCA = 


percutaneous transluminal coronary angioplasty. 





Seventy-nine patients had 1-vessel and 8 had 2-ves- 
sel coronary artery disease. Twenty-two patients had 
had a previous myocardial infarction: 12 a Q-wave 
myocardial infarction (anterior in 4, inferior in 8) and 
10 a non-Q-wave myocardial infarction. Single coro- 
nary angioplasty was performed because of stenosis of 
the left anterior descending artery in 51 patients, steno- 
sis of the circumflex artery in 11 and of the right coro- 
nary artery in 18. Two-vessel coronary angioplasty was 
performed in 7 patients (left anterior descending artery 
and circumflex artery in 4 patients, left anterior de- 
scending artery and right coronary artery in 1, and cir- 
cumflex and right coronary artery in 2). In 1 patient 
with 2-vessel disease, a l-vessel angioplasty was per- 
formed because the luminal diameter of the remaining 
diseased vessel was small and had limited myocardial 
distribution. Mean coronary stenoses before and after 
coronary angioplasty were 76 + 10 and 29 + 9.4%, 
respectively (Table 1). 

Exercise testing: Exercise stress tests were per- 
formed in the morning on a motor-driven treadmill, ac- 
cording to the Bruce protocol. Throughout the test, 
3 electrocardiographic leads were continuously moni- 
tored, while 12-lead electrocardiograms and blood pres- 
sure recordings were obtained at rest, at 2-minute inter- 
vals during exercise, and at 1, 3 and 5 minutes after 
exercise. Exercise tests were maximal or symptom-lim- 
ited. ST-segment depression 21 mV at 0.08 second af- 
ter the J point was considered a positive electrocardio- 
graphic response. 

Dipyridamole echocardiography: Two-dimensional 
echocardiographic monitoring was performed during 
infusion of 0.56 mg/kg of dipyridamole over 4 minutes, 
followed by 4 minutes of no dose and then by a further 
0.28 mg/kg in 2 minutes. The higher dose was used 
because it provides a higher sensitivity than the lower 
dose,’ with no loss in specificity and no increase in 
risk. During the procedure, blood pressure was record- 
ed at 2-minute intervals on a 3-channel ink recorder. 


1336 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


Ter 


One standard lead was monitored on the echo display, 
and left ventricular wall motion was continuously ob- 
served and intermittently recorded on the videotape at 
rest and over the 20 minutes after the beginning of di- 
pyridamole infusion. Aminophilline, which promptly re- 
verses the effects of dipyridamole, as well as trinitrine, 
were kept ready for immediate use. The 4-chamber, 2- 
chamber and apical long-axis echocardiographic views 
were used. According to Thomas et al,? a correlation 
between left ventricular segments and coronary distri- 
bution was established. The positivity of the test was 
linked to the detection of a transient asynergy of con- 
traction, which was either absent or of a lesser degree 
than at baseline examination. Any region that was al- 
ready akinetic or dyskinetic at rest was not considered 
for analysis. Echocardiograms were blindly evaluated 
by 2 experienced observers. If there was disagreement 
over interpretation, a third observer reviewed the study 
and the subsequent majority judgment was considered 
binding. None of the 3 observers had access to angio- 
graphic findings before their interpretation. 

Cardiac catheterization: Selective right- and left- 
sided coronary angiography was performed by the Jud- 
kins technique. Multiple views of each vessel were ob- 
tained. All angiograms were reviewed blindly by 2 in- 
dependent observers and analyzed semiquantitatively 
by measuring vessel diameters with calipers. Restenosis 
was defined as a recurrence of stenosis >70% at the 
site of dilation.!° Disease progression was defined as a 
coronary stenosis 270% in another part of the treated 
vessel or, more often, in a nondilated vessel. 

Statistical analysis: Values are expressed as mean 
+ standard deviation. The sensitivity, specificity and 
predictive values of a test were calculated according to 
standard definitions.'!' Paired comparisons were tested 
using least significant difference. For the correlation of 
sensitivity and specificity, chi-square test with Yates 
correction, when appropriate, was used. A p value 
<0.05 was considered statistically significant. 


RESULTS 

Feasibility of dipyridamole echocardiography and 
exercise electrocardiography: An adequate dipyrida- 
mole echocardiographic result could be obtained in 75 
of 87 patients. Testing in the remaining 12 patients 
was not attempted due to a poor acoustic window in 
resting conditions. In all patients undergoing dipyrida- 
mole echocardiography, ultrasonic images were of un- 
changed quality during stress, so that the test could be 
interpreted in all. Adverse effects occurred in 25 of 75 
patients and were mild and transient, well tolerated by 
the patients and reversed by aminophylline. An ade- 
quate exercise electrocardiographic result could be ob- 
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tained in 80 of 87 patients. Testing in the remaining 
7 patients was not completed due to inability to per- 
form maximal exercise for physical reasons. Therefore, 
the overall feasibility of dipyridamole echocardiography 
and exercise electrocardiography was 87 and 91%, re- 
spectively (difference not significant). A total of 75 pa- 
tients underwent both dipyridamole echocardiography 
and exercise electrocardiography. The comparison with 
angiographic findings was performed in this subset of 
patients. 

Angiographic findings: Control coronary angiogra- 
phy detected the presence of restenosis in 11 of 75 pa- 
tients (15%) and progression of coronary artery disease 
in 3 of 75 (4%). 

Exercise testing: A positive exercise electrocardiog- 
raphy test result was observed in 34 patients (45%): 5 
had both angina and ST depression, whereas 29 had 
only ST-segment depression. At peak exercise, the val- 
ues of the rate-pressure product were similar in patients 
with a positive or negative test (25,900 + 4,169 vs 
27,023 + 4,830) as well as in those with and without 
significant coronary artery disease (24,555 + 3,764 vs 
27,050 + 4,615). Also, the times of exercise were simi- 
lar in patients with positive or negative tests (9.1 + 3.2 
vs 10.2 + 2.4 minutes), whereas a significant difference 
was found in patients with and without coronary artery 
disease (8.5 + 3.5 vs 10.2 + 2.5 minutes; p <0.05). 

High-dose dipyridamole echocardiography: Eigh- 
teen patients had a dyssynergy while at rest: akinesia in 
4 of 12 patients with a previous Q-wave myocardial 
infarction and hypokinesia in 14 (8 with a previous Q- 


FIGURE 1. Correlation of feasibility and 
reliability between exercise electrocardiog- 
raphy (black columns) and dipyridamole 
echocardiography (hatched columns) 
tests. NPV = negative predictive value; 
PPV = positive predictive value. 


Feasibility Sensitivity Specificity 





TABLE II Exercise Electrocardiography and Dipyridamole 
Echocardiography Test Results in Patients With and Without 
Restenosis or Coronary Artery Disease Progression > 70% 


RorP >70% (n = 14) No Ror P >70% (n = 61) 


Exercise Electrocardiography Test 


Positive 10 24 
Negative 4 37 
Sensitivity 71% Specificity 61% PPV 29% NPV 90% 


Dipyridamole Echocardiography Test 


Positive 10 6 
Negative 4 55 
Sensitivity 71% Specificity 90% PPV 62% NPV 93% 


NPV = negative predictive value; P = coronary artery disease progression; PPV = 
positive predictive value; R = restenosis. 


wave myocardial infarction and 6 with a non-Q-wave 
myocardial infarction). In all these patients, a critical 
lesion was present in the coronary vessel feeding that 
region. Transient asynergies were detected by dipyrida- 
mole echocardiography in 16 patients. Dipyridamole 
echocardiography positivity was linked to the presence 
of akinesia (11 patients) or severe hypokinesia (5 pa- 
tients). Echo positivity was reached after a single dose 
(0.56 mg/kg) in 9 patients and after a higher dose 
(0.84 mg/kg) in 7. The dipyridamole time (the time 
from the onset of dipyridamole infusion to the frank 
dyssynergy) was 8 + 2.8 minutes. The region that ap- 
peared transiently dyssynergic after dipyridamole was 
fed by a critical stenosis in all but 6 patients, in whom 
the stenosis was 65, 64, 63, 50, 56 and 20%, respective- 


PPV 
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ly. A reliable echocardiographic-angiographic correla- 
tion was found in the 2 patients with progression of 
disease in a nontreated vessel. Furthermore, 10 of 14 
patients with restenosis or progression had ST-segment 
depression during dipyridamole infusion (sensitivity, 
71%), and in 48 of 61 without restenosis or progression, 
no significant electrocardiographic abnormalities were 
detected (specificity, 78%). 

Correlation among exercise electrocardiography, 
dipyridamole echocardiography and coronary angiog- 
raphy: Ten of 14 patients with restenosis or progression 
of disease had positive exercise electrocardiography test 
responses (sensitivity, 71%), whereas new asynergies 
were detected by dipyridamole echocardiography in 10 
of 14 with restenosis or progression of disease (sensitiv- 
ity, 71%). The difference was not statistically signifi- 
cant. There were negative exercise electrocardiography 
test responses in 37 of 61 patients with no significant 
coronary stenosis (specificity, 61%), and dipyridamole 
echocardiography test responses were negative in 55 
with neither restenosis nor progression of disease (speci- 
ficity, 90%) (p <0.001). The positive predictive values 
of exercise electrocardiography and dipyridamole elec- 
trocardiography were 29 and 62%, respectively; nega- 
tive predictive values were 90 and 93%, respectively 
(Table II). In the 10 patients with severe coronary ar- 
tery disease and positivity of both tests, we found a 
good correlation between exercise time and dipyrida- 
mole time (r = 0.64; p = 0.04). 


DISCUSSION 

In our group of patients, dipyridamole echocardiog- 
raphy was as equally feasible as exercise electrocardiog- 
raphy; the first test requires an acceptable acoustic win- 
dow, but the second test depends on adequate physical 
exercise to attain diagnostically useful data. In the non- 
invasive detection of asymptomatic restenosis, dipyrida- 
mole echocardiography revealed a greater specificity 
than exercise electrocardiography, and both methods 
had a similar sensitivity (Figure 1). The results of the 
present study confirm that the specificity of dipyrida- 
mole echocardiography is superior to exercise electro- 
cardiography. Interestingly, 5 of 6 “false positive” dipy- 
ridamole echo results occurred in patients with a steno- 
sis between 50 and 70%. It is entirely possible that a 
true ischemia due to absolute subendocardial hypoper- 
fusion during high-flow states might have occurred dur- 
ing dipyridamole infusion. In our study, the sensitivity 
of dipyridamole echo was 71%, which is particularly 
valuable if we consider that the population tested large- 
ly comprised patients with l-vessel disease who were 
asymptomatic at the time of testing and therefore had a 
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relatively low pretest likelihood of disease. Further- 
more, during dipyridamole echocardiography, the topo- 
graphic localization of the transient dyssynergy usually 
allowed us to discriminate reliably between a true “re- 
stenosis” and a “disease progression” occurring in a 
coronary artery different from the one that had under- 
gone coronary angioplasty. This localization of the isch- 
emia-producing artery was obviously impossible with 
exercise electrocardiography. A potential limitation of 
dipyridamole echocardiography is that it requires a 
considerable expertise on the part of the cardiologist / 
ultrasonographer performing and interpreting the test. 
However, in expert hands, stress echocardiography is 
highly reliable and reproducible, and the learning curve 
to reach the plateau of diagnostic accuracy has been 
recently suggested to be no more than 100 studies, 
more or less the level of training required to acquire 
Doppler skills by an echocardiographer experienced 
with the B-mode technique. !? 
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Validation of Continuous Radionuclide Left 
Ventricular Functioning Monitoring in Detecting 
Silent Myocardial Ischemia During Balloon 
Angioplasty of the Left Anterior Descending 
Coronary Artery 
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Silent myocardial ischemia has been inferred 


from transient ST-segment depression during 
continuous electrocardiographic monitoring. Re- 
cently, continuous ambulatory monitoring of left 
ventricular (LV) function using a radionuclide 
technique (VEST) has demonstrated episodes of 
significant silent LV dysfunction in the absence 
of electrocardiographic changes. To validate the 
demonstration of silent LV dysfunction with this 
technique, 12 men were studied during percuta- 
neous transluminal coronary angioplasty. A total 
of 18 left anterior descending coronary artery 
balloon inflations were performed. Balloon infla- 
tions at 8 + 2 atm (4 to 10 atm) lasted 70 + 16 
seconds. Seventeen of 18 inflations were associ- 
ated with a decrease in LV ejection fraction 
>0.10. Mean LV ejection fraction decreased 
from 0.53 + 0.08 to 0.28 + 0.11 (p <0.0001),. 
In contrast, there was pain in only 10 inflations 
and ST-segment changes in 7. LV dysfunction 
was associated with a minimal increase in end- 
diastolic volume (4 + 3%, p <0.003), and a ma- 
jor increase in relative end-systolic volume (69 + 
43%, p <0.001). These data suggest that con- 
tinuous monitoring of LV function with the VEST 
can sensitively detect silent ischemic decreases 
in LV function occurring during angioplasty, and 
provide further validation of the use of this tech- 
nique for detecting silent myocardial ischemia. 
(Am J Cardiol 1991;67:1339-1343) 
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mbulatory left ventricular (LV ) function moni- 

toring is a new technique of continuously mon- 

itoring LV ejection fraction using standard 
principles of electrocardiographic-gated radionuclide 
ventriculography.'! With this device (the VEST), de- 
creases in LV ejection fraction have been demonstrated 
both with and without chest pain in ambulatory pa- 
tients and have identified an increased risk of future 
cardiac events.2 Based on both animal and human in- 
vestigation, it is likely that measures of LV perfor- 
mance may be a more sensitive means of detecting si- 
lent ischemia.*"!! 

Balloon inflation in the course of transluminal coro- 
nary angioplasty is a human model of transient myo- 
cardial ischemia due to acute reduction of coronary 
blood flow. During angioplasty, echocardiographic and 
contrast angiocardiographic studies have demonstrated 
significant LV dysfunction during coronary balloon oc- 
clusion. !2-!8 

Although several studies have demonstrated a good 
correlation of ejection fraction measured by VEST and 
standard gamma camera during exercise,*!?:7° the abil- 
ity of the VEST to detect abrupt decreases in LV ejec- 
tion fraction during known myocardial ischemia has 
not been investigated. The present study was undertak- 
en to assess the ability of the VEST to detect episodes 
of transient LV dysfunction in a well-defined human 
model of myocardial ischemia: balloon coronary angio- 
plasty. 


METHODS 

Patients: Twelve men (aged 45 to 77 years, mean 
65 + 9) with clinical angina undergoing percutaneous 
transluminal coronary angioplasty of the proximal or 
midleft anterior descending coronary artery were stud- 
ied. To maximize the occurrence of LV dysfunction 
during balloon inflation, only patients with normal or 
near-normal global ejection fraction, and minimal or no 
regional wall motion abnormality of the anterior wall 
were eligible for participation in the study. Patients 
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with emergency angioplasty, instability, and technically 
difficult angioplasties were not studied. The protocol 
was approved by our Human Investigation Committee, 
and all patients gave written informed consent. 

Protocol: One-half hour before cardiac catheteriza- 
tion, equilibrium radionuclide angiocardiography was 
performed to determine LV ejection fraction and the 
optimal position of the VEST detector over the left ven- 
tricle.? This position was then marked on the patient’s 
chest. The patient then underwent the angioplasty pro- 
cedure. One or more balloon inflations were studied; for 
each inflation studied, the VEST detector was posi- 
tioned (see later) on the mark previously made on the 
patient’s chest. The detector was placed on the patient 
after the angioplasty catheter had been positioned, but 
before balloon inflation. LV ejection fraction was then 
continuously recorded | to 2 minutes before balloon in- 
flation, during and for | to 2 minutes after balloon in- 
flation. 

Equilibrium radionuclide angiocardiography/VEST 
detector positioning: Before cardiac catheterization, 
patient’s blood pool was labeled with 15 mCi of techne- 
tium-99m using standard modified in vivo red blood 
cell labeling.2! LV ejection fraction was determined 
from the “best septal” left anterior oblique view using a 
standard gamma camera. With the patient still supine, 
the optimal position of the VEST detector was then 
determined. To accomplish this, a 30-second static im- 
age of the left ventricle in the left anterior oblique posi- 
tion was obtained. Without changing the relative posi- 
tions of the patient and the gamma camera, a position- 
ing target? was placed in a foam rubber holder and 
centered over the lower third of the left ventricle. Once 
the optimal position for the VEST target was docu- 
mented with static images, the target was replaced with 
the VEST detector. The position of the VEST detector 
in the foam rubber holder was identical to that of the 
target. The foam rubber holder was designed to fit 
tightly around the VEST detector so that the detector 
could not move. This assured the maintenance of the 
correct detector position when it was not actually posi- 
tioned on the patient’s chest. Static images were ob- 
tained to document the position of the detector; the po- 
sition of both the detector and the foam rubber holder 
were marked on the patient’s chest. For each patient, 
the detector was removed and replaced several times to 
assure a reproducible value for LV ejection fraction. 

For this study, the VEST detector was placed in the 
foam rubber holder directly on the patient’s chest and 
was lightly secured so that it would not move during 
recording. The detector was not attached to the patient 
or placed in the plastic garment used with ambulatory 
patients. This strategy was undertaken so that the de- 
tector could be quickly positioned for recording, and 


equally quickly removed when catheter manipulations 
and fluoroscopy were performed. In the cardiac cathe- 
terization laboratory, the detector in the foam rubber 
holder was positioned just before the balloon inflation 
being studied. 

Angioplasty procedure: Angioplasties were per- 
formed using either an over-the-wire catheter system or 
fixed tip wire catheter system (USCI, Billerica, Massa- 
chusetts ). All patients received 10,000 U of heparin be- 
fore angioplasty and a heparin bolus of 2,000 to 3,000 
U every hour; after angioplasty, intravenous heparin 
was continued, maintaining the partial thromboplastin 
time at twice control. Intravenous nitroglycerin was be- 
gun before the procedure and was continued for 24 
hours. Aspirin therapy and calcium channel blocking 
agents were begun before angioplasty and were contin- 
ued thereafter. 

All catheter manipulations were performed with 
fluoroscopy. The VEST detector was positioned over 
the left ventricle only during the balloon inflation being 
studied. Since its position was predetermined and 
marked on the patient’s chest, frequent removal and 
replacement of the detector was quickly and easily ac- 
complished. The detector was always removed when 
balloon position needed to be verified or changed. Be- 
cause the first balloon inflation in all patients was al- 
ways performed with intermittent fluoroscopic visual- 
ization, it was not studied. Which subsequent inflations 
were evaluated was based on catheterization laboratory 
logistics during the procedure. Previous echocardio- 
graphic studies during angioplasty have demonstrated 
reproducible and comparable changes in LV function 
with each of the serial balloon inflations.'>?? Therefore, 
the particular choice of inflation studied was not con- 
sidered an issue. During balloon inflation, patients were 
questioned about the presence of angina at 10-second 
intervals. Patients were also asked about “anginal 
equivalents” such as jaw or arm pain. 

VEST system and electrocardiographic monitoring: 
The VEST system (Capintec, Inc.) has been previously 
described.!-:!9 Briefly, it consists of a 5.5-cm diameter, 
nonimaging sodium iodide detector with a parallel-hole 
collimator, a microprocessor and a modified Holter 
tape cassette recorder. The nuclear data consist of se- 
quential gamma counts of LV activity sampled at 32 
times per second. These data are recorded on the 
Holter monitor tape along with a 2-channel electrocar- 
diogram. 

Data analyses were performed offline using a dedi- 
cated minicomputer (IBM RT). The electrocardio- 
graphic-gated radionuclide data were averaged serially 
over 15-second intervals. A separate background detec- 
tor was not used; a fixed background factor was calcu- 
lated to equate the VEST ejection fraction to the 
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gamma camera ejection fraction for each patient. Pa- 
rameters calculated were decay-corrected relative end- 
diastolic and end-systolic volumes, ejection fraction, 
heart rate and ST-segment changes. End-diastolic vol- 
ume was considered 100% at baseline and subsequently 
expressed relative to this value. End-systolic volume at 
any given time was expressed relative to end-diastolic 
volume at that time. 

VEST electrocardiographic monitoring: A 2-chan- 
nel Holter monitor electrocardiogram was recorded on 
the Holter tape as part of the VEST system and ana- 
lyzed by computer concomitant with the nuclear data 
as previously described.* For this study, modified leads 
V, and V4 were chosen as being most likely to show 
standard ST-segment changes reflecting ischemia of 
the anterior wall. The entire continuous 2-channel 
electrocardiogram for each inflation was reviewed by 
an experienced operator (DSK) to verify changes in 
ST-segment level. 

Statistics: Data were expressed as mean + standard 
deviation. Comparisons between groups were per- 
formed with Student’s paired ¢ test, Wilcoxon-paired 
sample test or Fisher’s exact test. Statistical signifi- 
cance was achieved at the 5% level (p <0.05). 


FIGURE 1. Trended display of 
ejection fraction (% EF) and 
heart rate (HR) (lower panel) 
and relative end-diastolic and 
end-systolic volumes (Vol) (up- 


onset of recovery of ejection 
fraction occurs within 15 sec- 
onds after balloon inflation. 
There is a slight increase in end- 
diastolic volume, and a major in- 
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RESULTS 

A total of 18 balloon inflations were studied in these 
12 patients. The duration of each inflation was 70 + 16 
seconds and the inflation pressure was 8 + 2 atm. In 17 
of 18 inflations, the absolute decrease in LV ejection 
fraction was >0.10. Ejection fraction did not change in 
| patient; however, the data from that patient are in- 
cluded in the analysis. Baseline LV ejection fraction 
was 0.53 + 0.08; at peak inflation, it decreased signifi- 
cantly to 0.28 + 0.11 (p <0.01). During balloon infla- 
tion, there was a minimal increase in LV end-diastolic 
volume (+4 + 3%, p <0.01). The decrease in LV ejec- 
tion fraction was caused by a major increase in end- 
systolic volume of +69 + 43% (p <0.01). During bal- 
loon inflation, heart rate increased minimally from 65 
+ 9 to 71 + 9 beats/min (p <0.01). Analysis of only 
the first inflation in each patient demonstrated compa- 
rable results. Data from a typical balloon inflation are 
shown in Figure 1. 

Chest pain occurred in only 10 of 18 inflations. No 
patient had prolonged angina requiring additional med- 
ication. ST-segment changes >0.1 mV occurred in 7 of 
18 inflations. The onset of decrease in LV ejection frac- 
tion occurred within 15 seconds after inflation, with 
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maximal LV dysfunction occurring 40 + 13 seconds 
after inflation. The decrease in ejection fraction was 
sustained over the duration of the balloon inflation. Re- 
covery of LV function occurred 38 + 13 seconds after 
balloon deflation. Chest pain, when present, occurred at 
41 + 8 seconds after balloon inflation; the onset of elec- 
trocardiographic changes occurred at 18 + 7 seconds 
after inflation. In all patients, the onset of LV dysfunc- 
tion preceded both symptoms and electrocardiographic 
changes. 


DISCUSSION 

This study demonstrates that the VEST detector 
system can sensitively detect decreases in LV ejection 
fraction during acute severe transient myocardial isch- 
emia. The VEST is a relatively new technology de- 
signed to be worn by the ambulatory patient, and to 
monitor LV performance continuously over several 
hours. Several groups using the VEST have reported 
transient decreases in LV ejection fraction frequently 
unaccompanied by symptoms or electrocardiographic 
changes.%>!9:23 These episodes are thought to represent 
myocardial ischemia, and their clinical relevance has 
been addressed in 2 studies. Kayden et al? prospectively 
monitored 33 patients with thrombolysis during routine 
activity at the time of hospital discharge. Adverse car- 
diac events occurred in 8 of 12 patients with and in only 
3 of 21 patients without VEST episodes of LV dysfunc- 
tion (p <0.01). In a preliminary report, Breisblatt et 
al*4 reported that in selected patients with myocardial 
infarction, transient decreases in ejection fraction are 
associated with a poorer prognosis. 

Validation of the VEST: Although validation studies 
have demonstrated good correlations obtained by stan- 
dard gamma camera and VEST measurements, most 
of the data have involved studies at rest and increases in 
ejection fraction during exercise.”!??° However, it has 
been more difficult to define the ability of this tech- 
nique to detect decreases in ejection fraction promptly 
and precisely, because such decreases do not occur pre- 
dictably during stress. Balloon inflation during coronary 
angioplasty, by producing acute reduction of coronary 
blood flow, frequently results in myocardial ischemia. 
This clinical situation of brief although severe ischemia 
provides an opportunity of defining the potential utility 
of the VEST technique in this known model of tran- 
sient ventricular dysfunction. !2-!8 

The decrease in ejection fraction recorded by the 
VEST technique in this study is similar to the changes 
demonstrated previously by either LV angiography or 
2-dimensional echocardiography.!2:!7:'8 Chest pain and 
electrocardiographic changes did not occur routinely 
during balloon inflations, even with significant de- 
creases in LV ejection fraction. Although the number 
of patients and inflations studied were relatively small, 


there were no differences in the magnitude of decrease 
in ejection fraction between inflations with and without 
pain or electrocardiographic changes. In the present 
study, the onset of VEST-detected LV dysfunction pre- 
ceded symptoms or electrocardiographic changes in all 
inflations. These data parallel observations made by 
other investigators using echocardiographic and angio- 
graphic techniques. !+!>.!7,22 

Technical issues: [n this study, the VEST detector 
was placed in a foam rubber holder placed directly on 
the patient’s chest rather than in the plastic garment 
normally used for ambulatory patients. The detector 
could not move in the foam rubber holder once it was 
secured in the holder; thus, the angulation of the detec- 
tor did not change during any patient study. The cor- 
rect position for the detector and holder was marked 
directly on the patient’s chest, assuring correct position- 
ing in the catheterization laboratory. Finally, the detec- 
tor was removed and replaced several times; it was as- 
certained that the ejection fraction determination was 
unchanged. In addition, the design of the study provid- 
ed recording of a baseline before each balloon inflation, 
which served as a control in case minor changes in ejec- 
tion fraction occurred. 

This study was performed in supine patients, with 
relatively brief monitoring periods. The position of the 
detector was carefully maintained. Therefore some cau- 
tion should be introduced when extending these results 
to broader clinical situations. In ambulatory patients, 
there is an increased likelihood that the VEST detector 
might move with respect to the left ventricle. However, 
this may be minimized with careful placement and at- 
tention to quality control. For purposes of validation 
and standardization, it is difficult to design an interven- 
tion in ambulatory patients that produces known isch- 
emia and a reproducible decrease in LV function. The 
failure to demonstrate a decrease in LV function in an 
ambulatory setting could be ascribed to technical rea- 
sons (e.g., movement of the detector or shift of the 
heart). It is difficult to arrive at an accurate conclusion 
in the absence of known transient LV dysfunction. Fi- 
nally, we only studied patients with normal basal LV 
function because patients with significant regional wall 
motion abnormalities at rest may not have significant 
decreases in global ejection fraction during transient 
episodes of ischemia, particularly if their lesions are dis- 
tal or in branch vessels. 
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Hemodynamic and Metabolic Effects of 
Venoarterial Cardiopulmonary Support in 
Coronary Artery Disease 


Robert K. Stack, MD, Gregory S. Pavlides, MD, Ronald Miller, MD, Joseph Bassett, MD, 
John Cieszkowski, MD, Vellapallil Gangadharan, MD, Mark Sakwa, MD, 
Paul Clancy, MD, and William W. O'Neill, MD 


Coronary angioplasty was performed on 14 
high-risk patients supported with venoarterial 
partial cardiopulmonary bypass. Hemodynamic, 
metabolic and physiologic parameters were mon- 
itored to assess the effect of cardiopulmonary 
support in conscious patients. Cardiopulmonary 
support caused a decrease in systolic (45 + 17 
to 27 + 14 mm Hg, p <0.001), diastolic (23 + 
12 to 14 + 8 mm Hg, p <0.005) and mean (29.7 
+ 13.2 to 18 + 9 mm Hg, p <0.001) pulmonary 
artery pressures. Aortic systolic (129 + 18 to 
106 + 17 mm Hg, p <0.001), mean (89 + 19 to 
84 + 19 mm Hg, p <0.05) and pulse (64 + 17 to 
37 + 16 mm Hg, p <0.00001) pressures also 
decreased. Heart rate and aortic diastolic pres- 
sures were unchanged. End-systolic wall stress 
(122 + 48 x 103 to 96 + 44 x 10? dynes/cm7?, 
p <0.001) and left ventricular end-diastolic di- 
ameter (5.7 + 0.8 to 5.5 + 0.9 cm, p <0.05) 
were reduced during partial cardiopulmonary by- 
pass. After initiation of cardiopulmonary sup- 
port, normal lactate extraction across the coro- 
nary circulation was diminished or converted to 
lactate production (38 + 23 to 2 + 29%, p 
<0.005). There was a marked reduction in he- 
matocrit (41 + 4 to 28 + 5%, p <0.0001) and 
platelet count (259,000 + 57,600/mi to 
145,900 + 46,000/ml, p <0.0001) after by- 
pass. Cardiopulmonary bypass successfully sup- 
ported all patients during balloon inflation, for an 
optimal angioplasty result. During balloon infla- 
tion, 6 of 8 patients with interpretable electro- 
cardiograms had ST shifts suggestive of isch- 
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emia and 1 developed ventricular tachycardia. 
During balloon inflation, pulse pressure de- 
creased from a mean of 38 + 15 to 25 + 15 mm 
Hg (p <0.01). It is concluded that cardiopulmo- 
nary support provides excellent systemic support 
but induces cardiac anaerobic metabolism in pa- 
tients with severe coronary artery disease. Myo- 
cardial ischemia when coronary blood flow is in- 
terrupted during balloon inflation is still observed 
despite effective cardiopulmonary support. 

(Am J Cardiol 1991;67:1344-1348) 


has been shown to be an effective method of re- 

vascularization in many patients with coronary 
artery disease. However, certain patients who might po- 
tentially benefit are denied the procedure because it is 
believed that they could not tolerate transient interrup- 
tion of coronary blood flow. This group of patients in- 
cludes those with stenosis of the left main coronary ar- 
tery and those with severe left ventricular dysfunction 
in which the bulk of remaining viable myocardium is 
served by the target vessel. In an attempt to provide a 
margin of safety during interventional procedures for 
such high-risk patients, a venoarterial cardiopulmonary 
support system has been developed.'* A recent report 
demonstrates that its use is feasible and effective in 
high-risk angioplasty and valvuloplasty patients.? The 
use of an earlier form of peripheral cardiopulmonary 
bypass in the treatment of acute cardiac decompensa- 
tion was first reported 3 decades ago.* The initial en- 
thusiasm for that system was dampened by studies sug- 
gesting that femoral-femoral bypass may in fact have a 
deleterious effect on cardiac mechanics and metabo- 
lism.°-? Although the current cardiopulmonary bypass 
system is significantly different from older systems, 
there is still a concern about its effect on myocardial 
metabolism. To elucidate that further, we sought to 
evaluate systemically the hemodynamic and myocardial 
metabolic changes occurring in our first 14 patients un- 


Pieters transluminal coronary angioplasty 
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dergoing elective peripheral cardiopulmonary support 
for high-risk coronary angioplasty. 


METHODS 

Procedure: Patients undergoing elective angioplasty 
who had (1) severe left ventricular dysfunction or a tar- 
get vessel supplying >50% of the remaining viable 
myocardium, or both, and (2) angina pectoris refracto- 
ry to medical therapy were eligible for inclusion in the 
study. Patients were brought to the catheterization suite 
and premedicated with diazepam, 5 mg, and meperi- 
dine, 75 mg, intravenously. A multipurpose 6Fr cathe- 
ter was advanced to the coronary sinus through the in- 
ternal jugular or brachial vein. A peripheral cardiopul- 
monary bypass support system manufactured by C.R. 
Bard, Inc. (Billerica, Massachusetts) was used in all 
cases. Depending on clinical or angiographic evidence 
of aortoiliac atherosclerosis the 20Fr cardiopulmonary 
_ support cannulas were inserted into the iliofemoral arte- 
rial system with the least occlusive disease. In the initial 
5 patients the cannulas were placed via surgical cut- 
down and in the subsequent 9 percutaneously using a 
modified Seldinger technique and progressive dilation 
of the entry site to accommodate the cardiopulmonary 
support cannulas. The arterial cannula was advanced to 
the region of the iliac bifurcation to insure that all side 
holes were well within the arterial lumen and sutured in 
place. The venous cannula was advanced to the junc- 
tion of the inferior vena cava and the right atrium. Pul- 
monary artery and left-sided cardiac catheterization 
were then performed via the contralateral femoral ves- 
sels. After vascular access was complete, the patient 
was given intravenous heparin (400 U/kg). Additional 
heparin was administered as needed to maintain the ac- 
tivated clotting time >300 seconds. After priming the 
cardiopulmonary support system with 1,350 ml of crys- 
talloid solution, cardiopulmonary support was initiated 
and flow was increased to approximate the cardiac out- 
put measured at baseline (range 3 to 6 liters/min). 
When optimal hemodynamic status had been achieved, 
angioplasty of the target vessels were performed. After 
completion of the procedure the patients who under- 
went femoral cutdown had surgical repair of the vessels 
in the catheterization laboratory. The remaining pa- 
tients had the cannulas removed in the coronary care 
unit after the activated clotting time had fallen be- 
low 130 seconds and hemostasis was achieved by man- 
ual or c-clamp compression. Two-dimensional echocar- 
diograms were recorded in all patients throughout the 
procedure. In 9 patients optimal images were obtained 
by the transthoracic approach using a 2.5-MHz trans- 
ducer, but in 5 patients transesophageal echocardiogra- 
phy with a 5-MHz echo probe transducer was required 


for adequate visualization. The short-axis view at the 
papillary muscle level was selected in all cases. Images 
were recorded on 12-inch videotape using a Sonos 500 
(Hewlett-Packard Corporation) ultrasound system. The 
videotape soundtrack was used to record the precise 
timing of the procedural events. 

Measurements: Heart rate, systolic, diastolic, and 
mean aortic and pulmonary artery pressures were mea- 
sured at baseline during cardiopulmonary support and 
during balloon inflation. Coronary sinus lactate concen- 
tration and oxygen saturation were measured at base- 
line and during cardiopulmonary support before balloon 
inflation. Lactate was measured using a commercially 
available enzymatic assay.!° Lactate extraction was 
calculated using the formula: arterial lactate—coronary 
sinus lactate/arterial lactate X 100.1213 Echocardio- 
graphic measurements included left ventricular internal 
diameter in systole (LVIDs) and diastole (LVIDd), 
and end-systolic wall stress (SWS) at baseline and dur- 
ing cardiopulmonary bypass support. The meridional 
wall stress was measured using the equation: 


fe Oe 0.334P(LVIDs) pis ape 
=- S WT ynes/cm 
~ LVIDs 





where P = systolic blood pressure and WT = end-sys- 
tolic wall thickness. 

Statistics: Statistical analysis of hemodynamic and 
metabolic changes occurring after initiation of cardio- 
pulmonary support was performed using the Student 
paired ¢ test. All values are expressed as mean + stan- 
dard deviation. 


RESULTS 

Procedural outcome: Sixteen patients were eligible 
for inclusion in the study. Twelve patients were includ- 
ed because of severe left ventricular dysfunction (ejec- 
tion fraction <35%) with a target vessel believed to 
supply the bulk of the remaining viable myocardium. 
The remaining patients underwent left main coronary 
artery dilation. Half of the patients were aged 270 
years and a third had clinical congestive heart failure. 
Two patients developed manifestations of ischemia dur- 
ing insertion of cannulas, and they were excluded from 
final analysis because adequate baseline preischemic 
measurements could not be obtained. Fourteen patients 
with an uneventful cardiopulmonary bypass initiation 
were included in the final analysis (13 men aged 46 to 
78 years, average 66 + 9 years). Their average ejection 
fraction was 31 + 13% and the left main artery was the 
target vessel in 3. The blood flow achieved by the car- 
diopulmonary bypass system was 4.4 + 1 liters/min 
(range 1.8 to 6.2) and the duration of support 61 + 20 
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TABLE |I Hemodynamic and Echocardiographic Changes 
During Cardiopulmonary Bypass Support 


Bypass 


Baseline Support p Value 


Heart rate (beats/min) 

Systemic arterial pressure (mm Hg): 
Systolic 
Diastolic 
Mean 

Pulmonary artery pressure (mm Hg): 
Systemic 
Diastolic 
Mean 

Left ventricular diameter (cm) 
(diastole) 

Left ventricular diameter (cm) 
(systole) 

Systolic wall stress (10° dynes/cm?) 122+48 96+44 <0.001 


NS = not significant. 


minutes. During the procedure a mean arterial pressure 
>75 mm Hg was maintained by either volume infusion 
or pressure agents. 

All 14 patients underwent dilatation of the target 
lesion. Four patients had multivessel angioplasty. All 18 
lesions attempted were successfully crossed and dilated. 
During balloon inflations chest pain occurred in only 2 
patients; however, all patients were heavily sedated. 
Adequate 6-lead electrocardiograms were obtained dur- 
ing balloon inflation in 12 of 14 patients. Two patients 
had left bundle branch block and 2 had 100% ventricu- 
lar demand pacing. Of the remaining 8 patients, 5 had 
ischemic ST-segment shifts during balloon inflation, | 
had sustained ventricular tachycardia requiring cardio- 
version and another had nonspecific ST-segment shifts 
in the presence of left ventricular hypertrophy. Only 1 
patient had no evidence for ischemia during balloon in- 
flations. This patient had dilatation of the left main cor- 
onary artery supplying only the left circumflex coro- 
nary artery. Six of the 16 patients eligible (including 
the 2 excluded from this discussion) had extensive dis- 
section at the site of angioplasty resulting in an initial 
suboptimal result or vessel closure, with only | experi- 


772410 762 14. NS 


129+18 106217 
76+ 18 
84+ 19 


<0.001 


27+14 

14+8 

18+9 
5.5+0.9 


<0.001 
<0.005 
<0.001 
<0.05 


46+1.2 NS 


LV SYSTOLIC 
WALL STRESS 


( 10° dynes/ ont) 








encing chest pain at that time. In 4 of 6 patients elec- 
trocardiographic changes suggesting ischemia were not- 
ed, and a fifth developed ventricular tachycardia. All of 


these patients were treated with prolonged (5 to 10 = 


minute) balloon inflations and discharged from the 
catheterization laboratory with a patent vessel. 

Hemodynamic effects and echocardiographic 
changes: [Initiation of cardiopulmonary support caused 
a decrease in aortic systolic pressure in each patient 
(mean 129 + 18 to 106 + 17 mm Hg, p <0.001) and 
a diminution of pulse pressure (64 + 17 to 37 + 16 
mm Hg, p <0.00001 ). Mean aortic pressure decreased 
slightly (89 + 19 to 84 + 19 mm Hg, p = 0.051). 
There was a trend toward increased aortic diastolic 
pressure (72 + 19 to 76 + 18, p = 0.068). Heart rate 
remained unchanged (77 + 10 to 78 + 14 beats/min, 
difference not significant). Cardiopulmonary support 
caused a decrease in systolic (45 + 17 to 27 + 14 mm 
Hg, p <0.001), diastolic (23 + 12 to 14 + 8 mm Hg, 
p <0.005) and mean (30 + 13 to 18 + 9 mm Hg, p 
<0.00!1) pulmonary artery pressures. The most dra- 
matic declines in pulmonary artery pressures occurred 
in patients with the highest pulmonary artery diastolic 
pressure at baseline. During balloon inflation, adequate 
aortic pressure recordings were available in 7 patients 
in whom the pulse pressure decreased from a mean of 
38 + 15 to 25 + 15 mm Hg (p <0.01) (hemodynamic 
data are listed in Table I). 

Left ventricular end-diastolic internal diameter de- 
creased slightly from 5.7 + 0.8 to 5.5 + 0.9 cm (p 
<0.05). while end-systolic internal diameter did not 
change (4.7 + 1.2 to 4.6 + 1.2 cm, difference not sig- 
nificant). End-systolic meridional wall stress decreased 
in each patient (n = 10) (mean 122 + 48 X 10? to 96 
+ 44 X 10° dynes/cm? (p <0.001) (Figure 1). This 
reduction was primarily attributable to the reduction in 
systolic blood pressure. 

Metabolic effects: Cardiopulmonary support caused 
lactate extraction to be diminished in all 12 patients in 
whom adequate samples were obtained (Figure 2). 
Overall lactate extraction decreased from 38 to 2% (p 


FIGURE 1. Left ventricular (LV) end-sys- 
tolic wall stress at baseline and during 
percutaneous cardiopulmonary bypass 
support (CPS) in patients with coronary 
artery disease undergoing supported angi- 
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<0.005). Four patients changed from net consumption 
to net production of lactate after initiation of cardiopul- 
monary support. Lactate extraction fell to zero in 4 pa- 
tients. The remaining 4 patients still extracted lactate 
but to a lesser degree. There was little change in arteri- 
al lactate, suggesting that cardiopulmonary support did 
not precipitate systemic anaerobic metabolism. The 
change in lactate extraction was almost entirely due to 
an increase in coronary sinus lactate (mean 0.58 to 1.1 
mEq/liter (p <0.005). 

There was a slight increase in aortic oxygen satura- 
tion (94 to 97%, p <0.05). The oxygen saturation gra- 
dient between the aorta and coronary sinus did not 
change significantly (64 + 8 to 61 + 10% saturation 
points, p = 0.28). The gradient increased by 25% in 4 
patients, decreased in 3 and was unchanged in 4. There 
was no apparent relation between the aortic coronary 
sinus oxygen saturation gradient and the changes in 
lactate metabolism. Hematocrit decreased 35% from 
41 + 4 to 28 + 5% (p <0.00001). Four of 5 patients 
whose hematocrit decreased below 25% produced lac- 
tate across the coronary circulation; thus, all pa- 
tients who actually produced lactate had severe ane- 
mia. Platelets decreased from 259,000 + 57,600/ml to 
147,000 + 46,000/ml (p <0.00001), but decreased to 
<50,000/ml in only 1 patient. 


DISCUSSION 

This report describes the first prospective study of 
the hemodynamic and myocardial metabolic effects of 
venoarterial cardiopulmonary bypass in unanesthetized 
patients with coronary artery disease. The observed he- 
modynamic effects suggest a reduction in cardiac work 
during cardiopulmonary support. There is a decrease in 
systolic and mean aortic pressure without a compensa- 
tory increase in heart rate. Meridional systolic wall 
stress, an index of left ventricular afterload, is reduced. 
Pulmonary artery diastolic pressure and left ventricular 
end-diastolic internal diameter decreased, indicating a 
decrease in left ventricular preload. Diastolic aortic 
pressure increases slightly so that coronary perfusion is 


FIGURE 2. Myocardial lactate extraction 
(%) at baseline and during percutaneous 
cardiopulmonary bypass support (CPS) in 
patients with coronary artery disease un- 
dergoing supported angioplasty. 


maintained. Because of the general trend toward favor- 
able changes in the hemodynamic determinants of 
myocardial oxygen supply and demand, the consistent 
shift in each patient from normal extraction of lactate 
to either markedly diminished extraction or net produc- 
tion was an unexpected finding. 

The patients included for evaluation did not have 
evidence of ischemia at rest before initiation of cardio- 
pulmonary support. Despite evidence that cardiac an- 
aerobic metabolism developed, no patient complained 
of chest pain before balloon inflation and there were no 
hemodynamic or electrocardiographic changes confirm- 
ing ischemia. Because changes in lactate extraction are 
extremely sensitive indicators of an unfavorable balance 
between myocardial oxygen supply and demand,!-!4 it 
is possible that although cardiopulmonary support may 
have a negative effect on this balance, it does not pro- 
voke a severe degree of ischemia. Because the cardio- 
pulmonary support was partial, a pulse pressure was 
maintained in all patients despite the nonpulsatile na- 
ture of the bypass system. There is experimental evi- 
dence that pulsatile systems preserve myocardial func- 
tion better!>; however, with a pulse pressure maintained 
in our patients, it is unknown if a pulsatile system 
would be more beneficial than the nonpulsatile system 
used. Our findings are in agreement with previously 
published experimental studies. Axelrod et al!® showed 
in a canine preparation that initiation of venoarterial 
bypass caused a shift from net lactate extraction (—6.2 
mg % coronary sinus to arterial lactate concentration 
difference) to production (0.7 mg %), with no signifi- 
cant change in coronary sinus oxygen saturation. These 
investigators and others!’-2! suggested that venoarterial 
cardiopulmonary bypass without venting or otherwise 
unloading the left ventricle may provoke ischemia by 
increasing afterload or causing left ventricular dilata- 
tion, or both. In the present series, the data do not sup- 
port such a mechanism for decreased lactate extraction 
in unanesthetized humans since both end-systolic me- 
ridional wall stress and left ventricular end-diastolic di- 
ameter are reduced during cardiopulmonary support. 
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Because of the favorable hemodynamic changes 
during cardiopulmonary support, other mechanisms 
must be responsible for the induction of anaerobic me- 
tabolism in these patients. Activation of the sympathet- 
ic nervous system, provoking anaerobic myocardial me- 
tabolism, as it has been proposed for anesthetized 
patients on cardiopulmonary bypass,2?3 is unlikely be- 
cause of lack of significant increase in heart rate. 

An alternative explanation for changes in lactate ex- 
traction is a decrease in myocardial oxygen supply. He- 
matocrit decreased 35% after initiation of cardiopulmo- 
nary support. This was due to a combination of factors 
including procedure-related blood loss and hemodilu- 
tion resulting from pump priming (1,350 ml crystal- 
loid) and the generous crystalloid infusion (range 600 
to 4,000 ml) required to maintain an adequate arterial 
pressure. Hemolysis may also occur. An abrupt de- 
crease in hematocrit could cause a shift to anaerobic 
metabolism in these patients with critical coronary ar- 
tery stenoses, and the fact that the patients with the 
most severe anemia had the highest production of lac- 
tate supports this mechanism. The fact that this hemo- 
dilution was normothermic is also important. Hemodi- 
lution, per se, is not necessarily deleterious when the 
body temperature is lowered, as it is in open heart sur- 
gery where hypothermic thermodilution is present.”4 

Another potential explanation for the abnormal lac- 
tate metabolism is the potential deleterious effect of in- 
appropriate vasodilation. Animal studies have demon- 
strated a marked increase in coronary blood flow after 
initiation of cardiopulmonary bypass. Grattan et al?° 
demonstrated that the normal autoregulation of coro- 
nary blood flow in the dog was abolished by the initia- 
tion of cardiopulmonary bypass. Loss of this important 
autoregulatory property of coronary resistance vessels 
could therefore result in coronary steal. 

Coronary and peripheral flow and resistance were 
not measured in this study. Each patient required sig- 
nificant crystalloid infusion (not including the priming 
volume), and several patients required additional pres- 
sors to maintain a mean arterial pressure >75 mm Hg 
during the procedure. This might suggest an inappro- 
priate decrease in vascular resistance which may be re- 
lated to activation of the complement and kinin systems 
resulting from contact of the blood with nonbiologic 
materials.*° 

Our data also demonstrate that despite effective car- 
diopulmonary support, myocardial ischemia was in- 
duced during balloon inflation. However, despite severe 
left ventricular dysfunction, cardiopulmonary support 
allowed the maintenance of adequate tissue oxygen- 
ation and perfusion. 
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Effects of Lipoprotein (a) on Success Rate of 
Thrombolytic Therapy in Acute 
Myocardial Infarction 


Eberhard von Hodenberg, MD, Jörg Kreuzer, MD, Martina Hautmann, MD, Thomas Nordt, MD, 
Wolfgang Kubler, MD, and Christoph Bode, MD 


Lipoprotein (a) [Lp(a)] and plasminogen share a 
high degree of homology as recently evidenced 
by amino acid and deoxyribonucleic acid analy- 
sis. As Lp(a) is enzymatically inactive, it has 
been suggested that high levels of Lp(a) may 
suppress the profibrinolytic activity at the cell 
‘surface and increase the risk for arteriosclerosis 
and thrombosis by competitive inhibition of plas- 
minogen. The present study evaluated whether 
high levels of Lp(a) influence thrombolytic thera- 
py in patients with acute myocardial infarction. 
Forty-one patients with acute myocardial infarc- 
tion received a combination low-dose thrombo- 
lytic therapy with recombinant tissue-type plas- 
minogen activator (rt-PA) and human single- 
chain urokinase-type plasminogen activator 
(scu-PA). This regimen did not induce plasmine- 
mia or a lytic state as indicated by well-main- 
tained levels of fibrinogen. Coronary patency 
was assessed angiographically 90 minutes after 
initiation of treatment. Thrombolysis was suc- 
cessful in 30 and unsuccessful in 11 patients. 
Patients with high Lp(a) levels (>25 mg/dl) 

(n = 9) responded equally well to thrombolytic 
therapy (8 of 9, patency 89%) as did patients 
with normal or low levels of Lp(a) (22 of 32, pa- 
tency 70%, difference >0.1). Lp(a) levels did not 
differ significantly between patients with suc- 
cessful and unsuccessful thrombolysis. Our re- 
sults demonstrate that high levels of Lp(a) do not 
affect thrombolysis in patients with acute myo- 
cardial infarction when low-dose pharmacologic 
concentrations of rt-PA and scu-PA are applied 
in combination. 

(Am J Cardiol 1991;67:1349-1353) 
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pendent risk factor for coronary artery dis- 
ease.'~> Several studies suggest that high levels 
of Lp(a) may suppress the profibrinolytic activity at the 
cell surface and increase the risks of arteriosclerosis and 
thrombosis. Lp(a) is a variant of low-density lipoprotein 
in which apolipoprotein (apo) B is covalently linked 
through a disulfide bridge to apo(a).®' Sequence anal- 
ysis of the protein!! and complementary deoxyribonu- 
cleic acid!? recently revealed a structural resemblance 
to plasminogen. Apo(a) contains 37 times the structure 
of kringle 4 of plasminogen and | copy of the kringle 
5 region. Whereas the proteinase sequence is also main- 
tained, its functional activity does not seem to be iden- 
tical. It was recently reported that Lp(a) like plas- 
minogen can bind to fibrin and that it competes with 
plasminogen and tissue-type plasminogen activator for 
fibrin binding.'? In addition, Lp(a) attenuates the fi- 
brin-dependant enhancement of tissue-type plasmino- 
gen activator activity against a native substrate, and in 
plasma milieu Lp(a) inhibits clot lysis induced by tis- 
sue-type plasminogen activator.!> Whether these obser- 
vations are of any clinical significance is not yet shown. 
The present study investigated whether high levels 
of Lp(a) influence the efficacy of thrombolytic therapy 
in patients with acute myocardial infarction, who re- 
ceived a combination therapy consisting of low-dose re- 
combinant tissue-type plasminogen activator (rt-PA) 
and single-chain urokinase-type plasminogen activator 
(scu-PA ). 


‘i ipoprotein (a) [Lp(a)] is known to be an inde- 


METHODS 

Scu-PA was made available by Sandoz AG, Niirn- 
berg, Germany, and rt-PA was purchased from Tho- 
mae GmbH, Biberach, Germany. Both drugs were in- 
fused with constant-rate infusion pumps by way of sep- 
arate infusion lines. 

Patients: [Inclusion criteria were chest pain typical 
of myocardial infarction lasting >30 minutes, diagnos- 
tic electrocardiographic ST-segment elevation of 2 mV 
in =3 leads or 1 mV in 23 leads accompanied by ST- 
segment depression of =1 mV in 3 corresponding leads, 
patients presenting within 6 hours after the onset of 
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pain, age <75 years, and informed consent. Exclusion 
criteria were previous myocardial damage in the area of 
infarction; cardiopulmonary resuscitation; cardiogenic 
shock; hypertension (systolic blood pressure >200 mm 
Hg or diastolic blood pressure >110 mm Hg) unre- 
sponsive to therapy within 10 minutes; evidence of re- 
cent or active bleeding; and recent (<3 months) trau- 
ma, stroke, surgery or ulcers. Forty-one patients (33 
men and 8 women) were enrolled in the study. 
Treatment: At the start of treatment the patients 
received 5,000 U of heparin. Scu-PA was applied as a 
bolus of 3.7 mg over | minute, immediately followed by 
the infusions of scu-PA (44.3 mg over 40 minutes) and 
rt-PA (12 mg over 30 minutes). Just before cardiac 
catheterization an additional 7,500 U of heparin were 
applied. Coronary artery patency was assessed angio- 
graphically 90 minutes after initiation of therapy. Im- 
mediately after the cardiac catheterization procedure, 
aspirin (325 to 500 mg/day orally) was administered. 
All angiograms were evaluated visually by =2 expert 
angiographers. Grades of patency were defined accord- 


No. of patients 
5 


ing to the Thrombolysis in Myocardial Infarction trial 
(TIMI)'*: grade 0 and I were defined as unsuccessful 
treatment, grade II and III as successful therapy. 
Laboratory parameters: Blood samples for determi- 

nation of baseline values were obtained from patients at 
the time of admittance to the hospital within 30 min- 
utes of initiation of heparin or thrombolytic therapy. 
Another blood sample was obtained (not for determina- 
tions of Lp(a) or other lipoproteins) 2 hours after initia- 
tion of thrombolytic therapy. Lp(a) was measured with 
an enzyme immunoassay kit (Tint Elize) from Biopool, 
Sweden. Sensitivity of the assay was >3 mg/dl. The 
assay was pretested with various standard samples, and 
showed linearity between 3 and 60 mg/dl (data not 
shown). Lp(a) levels 225 mg/dl were defined as “high 
levels,” since it has been shown by others that patients 
with levels >25 mg/dl are at higher risk for coronary 
artery disease.'!° Total cholesterol, high-density lipo- 
protein cholesterol and triglycerides were determined | 
enzymatically with the appropriate kits of Boehringer, 
Mannheim, Germany (cat. nos. 237 574; 310 328), Bio 


FIGURE 1. Outcome of thrombolytic therapy 
(unsuccessful in Myocardial In- 
farction Trial (TIMI) grades 0 and I and suc- 
cessful TIMI grades Il and Ill) in patients with 
lipoprotein (a) [Lp(a)] levels >25 mg/dl (left 
columns) and <25 mg/dl (right columns) (dif- 
ference not significant). 


LP(a) < 25 mg/dl 


E TIMI II and III 


FIGURE 2. Plasma cholesterol, high-density 
lipoprotein (HDL) cholesterol, triglycerides, 
and apolipoprotein (apo) B levels of patients 
with unsuccessful (Thrombolysis in Myocardi- 
al Infarction Trial (TIMI) grades O and I, n = 
11) and successful thrombolysis (TIMI grades 
il and Ill, n = 30). Values are expressed as 
mean + standard error of the mean. n.s. = 
not significant. 
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Merieux (cat. no. 61491). Other individual apolipopro- 
teins were quantified by radial immunodiffusion with 
the appropriate kits of Daichi, Tokyo, Japan. Fibrino- 
gen, plasminogen and az antiplasmin were determined 
as described. !6 

Statistical analysis: Statistical analysis was per- 
formed by the Kruskall-Wallis and chi-square tests. A 
p value <0.05 was considered significant. 


RESULTS 

Thrombolytic outcome: Forty-one patients with 
acute myocardial infarction were enrolled in the study. 
Coronary artery patency after thrombolytic therapy 
with scu-PA and rt-PA was: 30 patients (73.2%) had 
grade II or III reperfusion according to the TIMI clas- 
sification, compared with 11 patients (26.8%) with un- 
successful thrombolysis (TIMI grade 0 and I). No ma- 
jor adverse effects were observed in the treated patients. 
A preliminary report about the clinical usefulness of the 
combination treatment approach has already been pub- 
lished. !6 


FIGURE 3. Fibrinogen, «2-antiplasmin and 
before and 2 hours 
thrombolytic 


ll and ili). Values are expressed as mean + 
standard error of the mean. 


GS Fibrinogen 


FIGURE 4. Fibrinogen, a2-antiplasmin and 

en determined before and 2 hours 
after initiation of combination thrombolytic 
therapy with recombinant tissue-type plas- 
minogen activator and urokinase-type plas- 
minogen activator in patients (n = 11) with 
unsuccessful thrombolysis (Thrombolysis in 
Myocardial Infarction Trial grades 0 and I). 
Values are expressed as mean + standard er- 
ror of the mean. n.s. = not significant. 





Lipoprotein (a) levels: Nine of the 41 patients stud- 
ied had elevated Lp(a) levels 225 mg/dl. Of these 9 
patients, 8 (89%) had successful thrombolysis. Patients 
with unsuccessful and successful thrombolysis had no 
statistically significant different levels of Lp(a) (Figure 
1). Mean + standard deviation levels of Lp(a) were 
8.59 + 8.53 mg/dl for patients with TIMI grades 0 
and I and 14.78 + 15.94 mg/dl for patients with TIMI 
grades II and III (difference p >0.1). Mean values of 
total cholesterol, high-density lipoprotein cholesterol, 
triglycerides and apo B were also not statistically differ- 
ent between the 2 groups (Figure 2). Mean fibrinogen 
levels 2 hours after the initiation of thrombolytic thera- 
py were much >200 mg/dl in the successfully (Figure 
3) as well as the unsuccessfully treated group (Figure 
4). This underscores the exquisite specificity of the 
therapeutic regimen applied. Alpha >-antiplasmin levels 
declined, but the antiplasmin pool was not depleted, in- 
dicating that the therapeutic regimen was at the thresh- 
old of specificity. There was no statistical difference be- 
tween successfully and unsuccessfully treated patients. 


before lysis (n=30) 


Alpha 2-antiplasmin [| Plasminogen 


2 hours lysis (n=11) 
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DISCUSSION 

High levels of Lp(a) are known to be a risk factor 
for coronary artery disease. In patients with familial 
hypercholesterolemia, a disease caused by a defect of 
the low-density lipoprotein receptor gene, Lp(a) levels 
are increased up to threefold, probably because of a 
simultaneous defect of Lp(a) catabolism. Patients with 
high low-density lipoprotein levels experience the high- 
est risk for arteriosclerosis. Although Lp(a) accumu- 
lates in human arteriosclerotic lesions,!> its exact mech- 
anism inducing arteriosclerotic lesions is still unknown. 
Several observations suggest that Lp(a) has a procoag- 
ulant activity and promotes thrombosis, the major 
cause of myocardial infarction, which usually takes 
place when an arteriosclerotic plaque ruptures. This 
thrombogenic effect of Lp(a) can be related to its struc- 
tural similarity to plasminogen: Specific cell surface re- 
ceptors for plasminogen are expressed by a wide variety 
of cell types and serve to promote fibrinolysis and local 
plasminogen-mediated proteolysis. In vitro studies have 
shown Lp(a) to compete with plasminogen for the plas- 
minogen-binding sites on different cell types, suppress- 
ing cell surface fibrinolysis and inducing a procoagulant 
state. Although the protease domain of apo(a) is 88% 
homologous to plasminogen, Lp(a) has not been shown 
to contain active plasmin activity. Arginine, situated at 
the site at which plasminogen can be cleaved by tissue- 
type plasminogen activator and scu-PA (Arg 560 - Val 
561), is substituted in apo(a) by serine. Therefore, the 
procoagulant effect of Lp(a) can be assumed to be a 
consequence of competing with plasminogen for the 
high-affinity binding site. It was recently reported that, 
in plasma, Lp(a) can inhibit the fibrinolytic activity 
generated by streptokinase.'’ These studies and the re- 
sults by Edelberg et al!® suggest that streptokinase 
binds to Lp(a) and thereby inhibits streptokinase-medi- 
ated activation of human plasminogen to plasmin by 
both a competitive and uncompetitive mode of inhibi- 
tion. In addition recent in vitro studies have shown that 
Lp(a) binds to fibrin and can compete with plasmino- 
gen and tissue-type plasminogen activator for fibrin 
binding. Lp(a) was also shown to attenuate tissue-type 
plasminogen activator activity and inhibit clot lysis in- 
duced by tissue-type plasminogen activator.!* These in 
vitro results may also be relevant in patients as suggest- 
ed by the increased risk of myocardial infarction, pre- 
mature atherosclerosis, and reduced efficacy in throm- 
bolytic therapy. 

The purpose of the present study was to evaluate 
whether high levels of Lp(a) influence the efficacy of 
thrombolytic therapy in patients with acute myocardial 
infarction. To obtain appropriate test conditions, a 
combination of low-dose treatment consisting of rt-PA 
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and scu-PA was used. This regimen did not induce 
plasminemia or a “lytic” state as evidenced by the well- 
maintained levels of fibrinogen after treatment. Our re- 
sults show that there is no effect of high Lp(a) levels on 
the outcome of thrombolytic therapy, even if adminis- 
tered in low dosages. Lp(a) levels were not different in 
patients with successful and unsuccessful thrombolysis. 
There was even a tendency toward higher Lp(a) levels 
in those with successful thrombolysis. Patients with 
high levels of Lp(a) had an 89% success rate compared 
with patients with normal or low levels of Lp(a) who 
had a 70% success rate (difference not significant). The 
lipid risk factor profile did not differ in the 2 patient 
groups. This aspect may be important with respect to 
the incomplete knowledge concerning interactions be- 
tween Lp(a) and other lipo- or apolipoproteins. 

Results of this study suggest that plasminogen acti- 
vators, when used even in low therapeutic concentra- 
tions, can overcome the attenuating effect of Lp(a) in 
clot lysis. Our results do not contradict the view that 
high levels of Lp(a) may suppress endogenous fibrino- 
lysis by competitive inhibition and thus may facilitate a 
prothrombotic effect as well as atherogenesis. Reduced 
tissue-type plasminogen activator activity!? or increased 
tissue-type plasminogen activator inhibitory activity? 
have been demonstrated in the plasma of young survi- 
vors of acute myocardial infarction. However, high lev- 
els of Lp(a) do not seem to affect therapeutic thrombo- 
lysis in patients with acute myocardial infarction when 
pharmacologic concentrations of rt-PA and scu-PA are 
applied in combination. 
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Terri E. Morgan, RN, E. Lindsey Tauxe, CNMT, and William J. Rogers, MD 


To assess the long-term effect of thrombolytic 
therapy on left ventricular (LV) systolic function, 
222 patients with acute myocardial infarction 
treated with intravenous tissue plasminogen acti- 
vator within 4 hours of symptom onset under- 
went assessment of LV ejection fraction (EF) by 
radionuclide equilibrium angiography at hospital 
discharge and 1 year later. Mean EF at hospital 
discharge (46 + 12) was similar to that at 1 year 
(45 + 13). Stepwise multivariate linear regres- 
sion analysis identified EF at discharge and pa- 
tency of the infarct-related artery before dis- 
charge as independent predictors of EF change 
at 1 year (p = 0.0002 and 0.003, respectively). 
Random assignments to invasive versus conser- 
vative treatment strategies or to early versus de- 
layed 6-blocker therapy did not affect EF change 
during follow-up. No significant deterioration of 
EF was observed in patients with larger infarcts. 
However, EF decreased from 45 + 10 at hospital 
discharge to 39 + 12 (p = 0.005) at 1-year fol- 
low-up in a subgroup of patients with history of 
prior infarction. 

Thus, patients with acute myocardial infarc- 
tion, treated with intravenous tissue plasminogen 
activator early after onset of symptoms, appear 
to have stable LV function between hospital dis- 
charge and 1 year follow-up. The change in EF 
between hospital discharge and 1 year can be 
predicted from the EF value at discharge, paten- 
cy of the infarct-related artery before discharge 
and history of previous myocardial infarction. 

(Am J Cardiol 1991;67:1354-1359) 
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dial infarction recanalizes infarct-related arter- 

ies, reduces infarct size and decreases mortali- 
ty.!-> Compared with conventional management, use of 
thrombolytic therapy also results in better left ven- 
tricular (LV) ejection fraction (EF) at hospital dis- 
charge.*+> However, data demonstrating the behavior 
of EF during subsequent months are limited.© The ob- 
jective of the present study was to determine whether 
EF remained constant during the year after hospital 
discharge in patients treated with intravenous tissue 
plasminogen activator for acute myocardial infarction. 


S uccessful thrombolytic therapy of acute myocar- 


METHODS 

Patient population: Between April 1986 and June 
1988, 296 patients were enrolled in the Thrombolysis in 
Myocardial Infarction (TIMI) Phase II trial in Bir- 
mingham, Alabama. The study consisted of patients 
aged <76 years with chest discomfort suggestive of 
myocardial ischemia for 230 minutes and with ST-seg- 
ment elevation of 20.1 mV in =2 contiguous electro- 
cardiographic leads. After written informed consent 
was obtained, 100 or 150 mg of intravenous tissue plas- 
minogen activator was administered over 6 hours, be- 
ginning within 4 hours after onset of symptoms. Pa- 
tients were excluded according to previously described 
criteria.’* All data presented in this report, including 
patient characteristics, follow-up data and EF measure- 
ments were obtained and categorized at the Birming- 
ham, Alabama clinical center. 

Study design: All patients were randomly assigned 
to invasive or conservative treatment strategy. The in- 
vasive strategy required either immediate (within 2 
hours) or delayed (within 18 to 48 hours) coronary an- 
giography followed by percutaneous transluminal coro- 
nary angioplasty of the infarct-related artery, if indicat- 
ed.’ In patients assigned to the conservative strategy, 
cardiac catheterization was performed only if there was 
a pressing clinical indication, such as spontaneous re- 
currence of ischemia or if ischemia was induced by ex- 
ercise testing before discharge. Additionally, eligible pa- 
tients were randomized to immediate 6-blocker therapy 
(intravenous metoprolol followed by oral maintenance 
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metoprolol) or to deferred 6-blocker therapy (oral me- 
toprolol begun on the sixth hospital day), as previously 
described.’ Concomitant treatment with lidocaine, hep- 
arin and aspirin was in accordance with the TIMI pro- 
tocol.’ 

Ejection fraction assessment: At the time of hospi- 
tal discharge (8 to 10 days after thrombolysis), global 
EF at rest was assessed by radionuclide equilibrium an- 
giography.? A follow-up EF was measured using the 
identical technique 1 year later (window 12 to 18 
months). Systolic blood pressure was measured at the 
time of the EF determination. Reproducibility of EF in 
our laboratory is + 2 EF units. 

Definitions: Myocardial infarction was confirmed 
if characteristic enzymatic changes were documented 
during the hospitalization (plasma creatine kinase-MB 
isoenzymes or creatine kinase >2 times the upper limit 
of normal). Anterior infarction was diagnosed in pa- 
tients with ST elevation in the precordial leads (V)-V6). 
History of prior myocardial infarction was positive if 
the patient stated a physician had definitely diagnosed 
a prior heart attack or if medical records were available 
documenting a prior infarction or its history. The in- 
farct-related artery was considered patent if TIMI 
grade flow 2 or 3 was present (0 = no perfusion, 1 = 
penetration without perfusion, 2 = partial perfusion, 3 
= complete perfusion). One hundred sixty-seven pa- 
tients (75%) had at least 1 coronary angiogram record- 
ed before hospital discharge. The angiogram recorded 
at the time closest to hospital discharge was used for 
assessment of infarct-related artery patency. Cardiac 
events included recurrence of myocardial infarction and 
the performance of coronary angioplasty or coronary 
bypass graft surgery between the time of discharge and 
the follow-up radionuclide angiogram. Medical thera- 
py during the follow-up period was determined by the 
primary physician. Use of angiotensin-converting en- 
zyme inhibitors at the time of the 1 year follow-up visit 
was recorded. 

Statistical methods: EF data are expressed in EF 
units as mean + standard deviation. Changes in EF 
between hospital discharge and 1 year follow-up were 
analyzed in search of predictors of nonuniform long- 
term outcome. The following variables were tested: age, 
gender, history of prior myocardial infarction, current 
infarct location, presence of a Q wave on admission 
electrocardiogram, time to initiation of thrombolysis, 
angioplasty treatment strategies, 6-blocker therapy, pa- 
tency status of infarct-related artery at hospital dis- 
charge, EF at hospital discharge, occurrence of a cardi- 
ac event after hospital discharge, change in systolic 
blood pressure between hospital discharge and 1 year 
follow-up, and use of angiotensin-converting inhibitor 
at 1 year. Paired and nonpaired 2-sample ¢ tests were 








TABLE I| Comparison of Clinical Characteristics Between the 
Analyzed Group and the Group with Incomplete Data 


Incomplete Data 
(n = 35) 


Analyzed Group 
(n = 222) 


Men (%)* 

Age (years) (mean + SD) 

History of prior MI (%) 

Anterior MI (%) 

Q wave on admission (%) 

Time from pain to therapy (hours) 
(mean + SD) 

Invasive strategy (%) 61 


2.9+0.8 


*p < 0.001. 
MI = myocardial infarction. SD = standard deviation. 


used to assess differences between continuous variables; 
the chi-square test was used to compare categorical 
variables. Multivariate stepwise linear regression analy- 
sis was used to identify variables most predictive of EF 
change at 1 year. Because of multiple subgroup analy- 
ses, only p values <0.01 were considered not to repre- 
sent chance observations. 


RESULTS 

Patients: Of the 296 patients, EF assessment was 
completed in 222 (75%). Seventy-four patients were 
excluded (Figure 1): 7 (2.4%) in whom the diagnosis of 
myocardial infarction was not confirmed; 24 (8.1%) 
who died during the hospital stay; 8 (2.7%) who died 
after hospital discharge (5 of cardiac and 3 of noncar- 
diac causes) and 35 (11.8%) in whom early or late EF 
was not ascertained. Thirty of the 35 were alive at the 
end of follow-up, and 5 were lost to follow-up. 

Clinical characteristics of the analyzed group (n = 
222) and the group with incomplete data (n = 35) 


Analyzed 
75.0% 


No MI/CAD 
2.4% 


Incomplete Data 
11.8% 


FIGURE 1. Patient population (n = 296): 222 patients (75%) 
were analyzed, 74 patients (25%) were excluded. In 7 (2.4%), 
diagnosis of myocardial infarction (MI) due to coronary artery 
disease (CAD) was not confirmed, 24 patients (8.1%) died be- 
fore hospital discharge, 8 patients (2.7%) died during the fol- 
low-up, and data were incomplete in 35 patients (11.8%). 
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TABLE II Change in Ejection Fraction According to the 
Pretreatment Characteristics 


No. EF at 
of Pts, Discharge 


Subgroups 


EF at One Year pValue 


Gender 
Men 
Women 
Age (yr) 
<65 
65-69 
>70 
History of prior MI 
Yes 
No 
Anterior MI 
Yes 
No 
Q wave on admission 
Yes 
No 
Time from pain to 
therapy 
<2 hours 
2—4 hours 


EF = ejection fraction; MI = myocardial infarction; NS = not significant. 





were similar (Table I), except for a higher preva- 
lence of women in the group with incomplete data (p 
<0.001). 

During the |-year follow-up period, 6 patients in the 
analyzed group had a recurrent myocardial infarction, 
13 underwent coronary angioplasty and 17 underwent 
coronary artery bypass surgery. Systolic blood pressure 
increased in the analyzed group between hospital dis- 
charge and | year from 116 + 17 to 125 + 20 mm Hg 
(p = 0.001). There was no change in blood pressure in 


oe. se 8 ae 3-8 


_ 
oO 


oO 


20 30 40 5 6 70 8 90 100 
EF at Hospital Discharge 





FIGURE 2. Relation of ejection fraction (EF) at hospital dis- 
charge to EF at 1 year; y = 1.09x — 4.79; r = 0.78, p 
<0.001; n = 222 patients, EF is expressed in EF units. 
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TABLE Iil Change of Ejection Fraction According to the 
Randomization to Treatment Strategies and Use of B Blockers 


No. of Pts. EF at Discharge EF at One Year 


Treatment strategy 
Invasive 
Conservative 
Invasive strategy 
2 hours 
18—48 hours 
B-blocker treatment 
Immediate 
Deferred 
None* 
Ineligible’ 
*Patients not screened for the trial of immediate versus deferred B-blocker therapy. 
‘Patients screened for immediate B-blocker therapy found to be ineligible. 


All p values > 0.01. 
EF = ejection fraction. 


20 patients (9%) who were taking angiotensin-convert- 
ing enzyme inhibitors at 1 year (122 + 15 vs 125 + 26, 
p = 0.58), compared with patients who were not treat- 
ed with angiotensin-converting enzyme inhibitor (115 
+ 16 vs 125 + 26, p = 0.001). 

Ejection fraction changes: Mean EF at hospital dis- 
charge (46 + 12) and at 1 year (45 + 13) were similar. 
Although predischarge and | year EF correlated signif- 
icantly (r = 0.78, p <0.001) (Figure 2), considerable 
interim variability in EF was noted in individual pa- 
tients. 

Changes in EF from hospital discharge to 1-year 
follow-up were analyzed according to pretreatment 
characteristics (Table II). EF decreased between the 
time of hospital discharge and 1 year (45 + 12 vs 39 + 
12, p = 0.005) in a subgroup of patients with history of 
a previous myocardial infarction. At discharge EF was 
lower in men, in patients with anterior infarction and in 
patients with Q wave on admission than in their coun- 
terparts (all p values <0.01). Analysis according to 
random allocation (Table III) to the invasive and 8- 
blocker treatment strategies did not reveal differences 
in EF at 1 year. No difference was found between EF 
at hospital discharge and at | year when analyzed ac- 
cording to the angiographically determined anatomic 
location (Table IV) of the infarct-related artery. A 
nonsignificant trend toward a lower EF at 1 year fol- 
low-up was noted among patients with an occluded in- 
farct-related artery (Table V). 

A trend toward a lower l-year EF was also ob- 
served in patients who had a cardiac event after hospi- 
tal discharge (45 + 13 vs 43 + 15, p = 0.05). EF 
remained unchanged at | year in patients untreated (46 
+ 11 vs 46 + 12) and treated with angiotensin-convert- 
ing enzyme inhibitor (40 + 14 vs 36 + 16). However, 
baseline EF was lower in patients who were receiving 
angiotensin-converting enzyme inhibitor at 1 year fol- 
low-up (46 + 11 vs 40 + 14, p = 0.01). 
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TABLE IV Change of Ejection Fraction According to 
Angiographically Determined Location of the 
Infarct-Related Artery 


No. 


Infarct-Related Artery of Pts. EF at Discharge EF at One Year 


39 +11 
50+ 8 
49+10 


Left anterior descending 62 
Right coronary artery 80 
Circumflex or diagonal artery 25 


40+ 13 
50+9 
48+13 


All p values > 0.01. 
EF = ejection fraction. 


TABLE V Change in Ejection Fraction in Patients with Patent 
and Occluded Infarct-Related Artery 


No. of Pts. EF at Discharge EF at One Year 


Patent 104 
Occluded 29 


Both p values >0.01. 
EF = ejection fraction. 


47+ 12 
43+ 13 


46+ 11 
40+ 12 


Stepwise multivariate linear regression analysis was 
used to test for independent predictors of EF change at 
| year. Two of the tested variables were independently 
predictive of EF change at 1 year: EF value at hospital 
discharge and patency of the infarct-related artery (p = 
0.0002 and p = 0.003, respectively). 

To identify patients with progressive deterioration of 
LV function, the analyzed group was arbitrally divided 
according to the magnitude and direction of EF change 
between hospital discharge and 1 year (Figure 3). A 
decrease in EF was observed in the group of patients 
with highest mean EF at hospital discharge. 

The frequency of the pretreatment characteristics, 
time to thrombolysis initiation, randomization to angio- 
plasty and to §-blocker treatment strategies, patency 
status of the infarct-related artery at discharge, abnor- 
mal value of EF at discharge (<50) and occurrence of 








TABLE VI Distribution of Clinical, Treatment and Outcome 
Variables According to Change of Ejection Fraction Between 
Hospital Discharge and One Year 


EF Decrease EF Stable EF Increase 
(n = 65) (n= 104) (n= 53) 
Male (%) 89 85 91 
History of prior MI (%) 12 9 0 
Age (yr) (mean + SD) 60 + 11 56 + 10 58 +9 
Anterior MI (%) 37 38 58 
Q wave on admission (%) 20 23 28 
Time from pain to therapy 147 + 43 168+46 175+ 48 
(min) (mean + SD) 
Invasive strategy (%) 60 58 40 
6-blocker strategy (%) 
Yes 38 30 47 
None 40 52 36 
Ineligible 22 18 17 
Infarct-related artery (%) 
Patent 66 77 77 
Occluded 19 11 11.5 
Unknown 15 12 11.5 
EF at discharge 
> 50 (%) 52 43 26 
Late cardiac event (%) 18 19 8 


Abbreviations as in Table ll. 


cardiac events after hospital discharge were comparable 
in all 3 patient groups (Table VI). Interestingly, none 
of the patients with EF increase had a history of previ- 
ous infarction. 


DISCUSSION 

The present study demonstrates that, among survi- 
vors of first myocardial infarction who are treated with 
intravenous tissue plasminogen activator within 4 hours 
of symptom onset and who are free of cardiac events 
during the first year after the acute event, resting LV 
systolic function at hospital discharge does not deterio- 
rate irregardless of the extent of the initial myocardial 
injury. Second, different angioplasty and (6-blocker 


Ejection Fraction (units) 


FIGURE 3. Ejection fraction (EF) accord- 
ing to the magnitude and direction of 
change between hospital discharge and 1 
year. Group 1: patients with EF decrease 
>5 (n = 65, 49 + 11 to 39 + 12); group 
2: patients with EF change <5 (n = 104, 
46 + 11 to 46 + 12); group 3: patients 
with EF increase >5 (n = 53, 42 + 12 to 
52 + 12); EF at discharge in group 1 vs 
group 3 (49 + 11 vs 42 + 12), p = 0.001; 
EF at discharge in group 2 vs group 3 (46 
+ 11 vs 42 + 12), difference not signifi- 
cant. 


Group 1 





Group 3 





E EF at Discharge BA EF at 1 Year 
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treatment strategies used in this trial do not seem to 
alter the EF value at 1 year. Finally, patency of the 
infarct-related artery appears to contribute to the pres- 
ervation of LV systolic function. 

Decreased EF and increased LV volumes after 
acute myocardial infarction are known to be powerful 
predictors of future mortality and morbidity even in the 
absence of recurrent cardiac events.!%!! LV dilation 
tends to be progressive, more so in survivors of large 
infarctions, but this trend may be altered by angioten- 
sin-converting enzyme inhibitors.!* Another potential 
mechanism preventing progressive LV dilation and 
functional deterioration is the maintenance of perfusion 
through the infarct-related artery, either through collat- 
eral blood flow or through anterograde flow resulting 
from thrombolysis or early spontaneous reperfusion 
(the “open artery hypothesis” ).13-!5 

In our population, multivariate analysis showed that 
patency of the infarct-related artery was a positive in- 
dependent predictor of a higher EF at | year. The ef- 
fect of late reocclusion and late spontaneous recanaliza- 
tion or collateral development could not be studied be- 
cause late angiograms were not available. 

We did not observe deterioration of systolic function 
in patients with more extensive initial myocardial dam- 
age, in whom LV dilation more readily occurs: An in- 
terim decrease in EF was not seen in those with (1) the 
lowest EF at discharge, (2) anterior infarction, (3) left 
anterior descending infarct-related arteries, (4) Q 
waves on admission electrocardiogram, or (5) in those 
treated late in the therapeutic window (Tables II and 
IV, Figure 3). 

The increase of EF in patients with the lowest val- 
ues at discharge and the decrease in patients with the 
highest values (Figure 3) are consistent with the statis- 
tical phenomenon of the regression toward the mean. 
Notably, there was absence of progressive deterioration 
of LVEF during follow-up in patients with the lowest 
EF at hospital discharge. In a comparable study done 
in the prethrombolytic era, no change in EF was de- 
tected | year after an acute myocardial infarction in 
patients with EF <40 before hospital discharge.'® 

In the present study, EF rather than ventricular vol- 
ume was measured. Although easier to measure, EF is 
a less sensitive parameter for assessing LV dysfunction 
than LV volume.!? Also, EF is dependent on LV load- 
ing conditions. Systolic blood pressure increased be- 
tween hospital discharge and | year. It is therefore un- 
likely that the observed stability of the EF value 
was due to decrease in afterload. EF changes are 
volume-dependent, and in numerous studies parallel 
increases of LV end-diastolic and end-systolic volumes 
were observed as EF decreased, most consistently 
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among patients with EF <50.10.13.17 However, discrep- 
ant changes of the 2 parameters were also reported, !8:!9 
Interestingly, in a widely quoted study reporting dis- 
crepant results between EF and volumes,!® a count 
method was used for EF determination and a less reli- 
able geometric method? was used for volume determi- 
nation rather than a count method for both. 

In our study, EF deteriorated over | year in patients 
with a history of previous infarction, despite similar EF 
values at discharge as in patients with first infarction 
(Table II). Clinical outcome and long-term prognosis of 
a recurrent infarction is known to be worse than out- 
come of the first event.2!2 Remarkably, in this sub- 
group EF did not increase in a single patient during the 
follow-up (Table VI), indicating, perhaps, limited con- 
tractile reserve of the myocardium not affected by the 
latest necrosis. 

Study limitations: Although this study reports serial 
EF values on a sizable number of patients, some of the 
subgroup analyses involve a smaller number of patients 
and should be interpreted with caution. Second, our 
analyses of the impact of infarct vessel patency are lim- 
ited by the fact that, in compliance with the study pro- 
tocol, not all participants underwent coronary angiogra- 
phy during the initial hospitalization. Finally, as previ- 
ously noted, serial EF values, rather than LV volumes, 
were analyzed. 

Clinical implications: LV systolic function remains 
stable 1 year after the first myocardial infarction in pa- 
tients treated in the early hours with intravenous tissue 
plasminogen activator. This effect is not altered by oth- 
er treatment strategies used in the trial. Patency of the 
infarct-related artery during the early healing phases of 
the infarction appears to be important in maintaining 
the initial benefit. 
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Intracellular Compartmentation of Cardiac 
Troponin T and Its Release Kinetics in Patients 
with Reperfused and Nonreperfused 
Myocardial Infarction 


Hugo A. Katus, MD, Andrew Remppis, MD, Thomas Scheffold, MD, 
Klaus W. Diederich, MD, and Wolfgang Kuebler, MD 





In a previous study on the diagnostic efficiency 
of troponin T measurements in patients with sus- 
pected acute myocardial infarction (AMI), the 
authors found a high variability of troponin T se- 
rum concentration changes on day 1 in patients 
with AMI who underwent thrombolytic treat- 
ment. Therefore, the aims of the present study 
were to investigate the intracellular compart- 
mentation of troponin T and to analyze the ef- 
fects of AMI reperfusion on the appearance ki- 
netics of cardiac troponin T in serum. Cardiac 
troponin T was measured with a newly devel- 
oped bideterminant sandwich assay using car- 
diospecific, affinity-purified polyclonal antibodies 
and peroxidase-labeled monoclonal antibody. An 
unbound cytosolic troponin T pool was found in 
ultracentrifuged homogenates of myocardial tis- 
sue of different species ranging from 0.013 to 
0.036 mg/g wet weight. The soluble troponin T 
molecule had electrophoretic properties identical 
to troponin T compartmented in the myofibrils. 
The clinical study group comprised 57 patients 
with AMI undergoing thrombolytic treatment. 
Blood flow to the infarct zone and point of time 
of reperfusion were tested by immediate and late 
angiography. The appearance of troponin T in 
serum on day 1 after the onset of AMI depended 
strongly on reperfusion and on duration of isch- 
emia before reperfusion. Thus, in patients with 
early reperfused AMI, a marked peak in troponin 
T serum concentrations was found at 14 hours 


From the Innere Medizin III, University of Heidelberg, Heidelberg, 
Federal Republic of Germany. This study was supported by Grant 
0706339 from the Bundesministerium fuer Forschung und Technolo- 
gie, Bonn and Boehringer Mannheim, Mannheim, Federal Republic of 
Germany. Manuscript received October 19, 1990; revised manuscript 
received and accepted February 25, 1991. 

Address for reprints: Hugo A. Katus, MD, Innere Medizin III, 
Bergheimer Strasse 58, 6900 Heidelberg, Federal Republic of Ger- 
many. 


1360 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


after the onset of pain. This early troponin T 
peak was absent in patients with AMI reperfu- 
sion occurring >5.5 hours after the onset of pain 
and in patients with nonreperfused AMI. By con- 
trast, the kinetics of troponin T release after the 
first day after AMI were unaffected by reperfu- 
sion. Troponin T remained elevated in all pa- 
tients until >180 hours after the onset of pain. 
Thus, the serum concentration changes of tro- 
ponin T reveal characteristics of unbound cyto- 
solic molecules on day 1 and of structurally 
bound constituents thereafter. These character- 
istic serum concentration changes are most 
probably due to the intracellular compartmenta- 
tion of troponin T. 

(Am J Cardiol 1991;67:1360-1367) 


constituents like myoglobin or creatine kinase 
(CK-EC 2.7.3.2.) depend on variations of early 
perfusion of acute myocardial infarction (AMI). Hence 
the perfusion-dependent changes in time to peak serum 
concentration of these molecules have been used for the 
noninvasive assessment of infarct reperfusion.!~3 By 
contrast, the release of compartmented cardiac mole- 
cules like myosin light chains is not affected by AMI 
reperfusion.* Structurally bound proteins have to be 
dissociated from the contractile apparatus before they 
can gain access to circulation. This time-consuming 
process of degradation of myofibrillar proteins is barely 
affected by variations in blood flow to the infarct zone 
during the first hours after the onset of AMI.° 
Myofibrillar proteins of striated muscle are ex- 
pressed as tissue-specific isoforms and consequently 
these antigens may be differentiated by immunologic 
methods.®!! Yet cardiac myosin light chains as well as 
the cardiac $-heavy-chain isoforms of myosin are coex- 
pressed in slow skeletal muscle.'?:!> Therefore, cardio- 
specific assays cannot be developed against these sub- 
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units of myosin despite the application of highly specific 
monoclonal antibodies.!4!5 However, troponin I!® as 
well as troponin T, the tropomyosin-binding protein of 
the regulatory troponin complex, are molecules unique 
to cardiac muscle. !%1! 

Our group developed an enzyme immunoassay 
(ELISA) for cardiac troponin T to improve the speci- 
ficity of diagnostic tools for the detection of AMI." 
Very pronounced differences in troponin T serum con- 
centrations on day | after the onset of AMI were found 
in evaluating the diagnostic efficiency of this assay in 
patients with AMI who underwent thrombolytic treat- 
ment.!® This finding was surprising because troponin T 
was expected to show release kinetics similar to those of 
other intracellularly compartmented myofibrillar pro- 
teins like myosin light chain.+!9?° Therefore, the aims 
of the present study were to investigate the presence of 
an unbound cytosolic troponin T pool and to analyze 
changes in troponin T serum concentration, depending 
on variations of AMI perfusion in well-controlled 
groups of patients undergoing immediate and late coro- 


nary angiography. 


METHODS 

Experimental studies: Troponin T concentrations 
were measured in cardiac muscle of rats, beef and dog 
and in human myocardium. All animal experiments 
were approved by the committee for animal rights and 
were conducted according to the German law on ani- 
mal protection. Human studies were approved by the 
ethics committee at the university. Human myocardi- 
um was obtained from explanted hearts from healthy 
organ donors. After we cleaned fresh myocardium of 
fat and connective tissue, the muscle piece was weighed 
and cut in small pieces by scissors. The tissue was then 
homogenized in 10 volumes of prechilled low-ionic 
strength buffer (0.05 M tris hydrochloride, pH concen- 
tration 7.0, 2 mM ethylene dinitrilotetraacetic acid, 0.5 
mM dithiotreitol) using 5 bursts of 15-second duration 
with an Ultra Turrax homogenizer. The homogenate 
was then stirred for 1 hour at 4°C. Thereafter, insolu- 
ble molecules were sedimented by ultracentrifugation 
(100,000 g) for 1 hour. This extraction step for soluble 
cytosolic molecules was repeated twice. The resulting 
supernatants were saved for electrophoretic analysis 
and measurements of cytosolic troponin T concentra- 
tions by enzyme immunoassay. Troponin T was ex- 
tracted from insoluble myofibrils by homogenization 
of the precipitate in 0.4 M potassium chloride, 0.1 M 
potassium dihydrogen phosphate, 0.05 M potassium 
monohydrogen phosphate, 0.04 M sodium pyrophos- 
phate, 0.01 M magnesium chloride, pH concentration 
7.0, and was stirred for 1 hour at 4°C. The solubilized 


troponin complex was separated from insoluble actomy- 
osin and cellular debris by centrifugation at 20,000 g 
for 1 hour. The efficacy of troponin T solubilization 
was assessed by documenting on sodium-dodecylsul- 
fate-polyacryl-amide gel electrophoresis the absence of 
troponin T in the insoluble precipitate. 

The molecular size of the cytosolic troponin T anti- 
gen was determined by sodium-dodecylsulfate-polyac- 
rylamide gel electrophoresis and immunoblot analysis 
of the supernatants of ultracentrifuged myocardial ho- 
mogenates. Sodium-dodecylsulfate-polyacrylamide gel 
electrophoresis was performed essentially as outlined by 
Laemmli,?! using a 12% acrylamide concentration. The 
gels were stained by incubation in 0.1% silver nitrate 
and 0.015 M formaldehyde for 15 minutes and in 2.5% 
sodium carbonate in distilled water thereafter. Immu- 
noblot analysis was essentially performed as outlined by 
Towbin et al.2? Electrotransfer of the proteins from 
the sodium-dodecylsulfate gel to the cellulose mem- 
brane (Immunobilon-P-membrane, Millipore Corp.) 
was achieved by 100 mA and 50 V for 25 minutes at 
4°C. The troponin T antigen was identified by incubat- 
ing the cellulose membrane in a solution of 2 wg/liter 
antitroponin T antibody 1B10 and 5% bovine serum 
albumin in phosphate-buffered saline, pH concentra- 
tion 7.4, for 30 minutes at room temperature. After 
several washing steps of the cellulose membrane, using 
1% bovine serum albumin, 1% Tween 20 in phosphate- 
buffered saline, the bound antitroponin T antibody was 
reacted with a 1:4,000 dilution of a sheep antimouse 
IgG-Fe antibody labeled with horseradish peroxidase 
for 30 minutes at room temperature. After the un- 
bound antibody-peroxidase complex was removed by 
washing, the immobilized peroxidase was then identi- 
fied by substrate conversion (50 mg/ml diamino-benzi- 
dine) in 0.3% hydrogen peroxide for 3 minutes at room 
temperature. Human cardiac troponin T, purified from 
myofibrils as outlined previously,!’ was used as control. 

Patients: Eighty-six consecutive patients with AMI 
admitted to the hospital between June 1987 and May 
1989, who agreed to participate in a trial investigating 
the effectiveness of thrombolytic treatment with pro- 
urokinase and recombinant tissue-type plasminogen ac- 
tivator in different dosages and who met the criteria 
listed later, were initially enrolled. In this trial, intrave- 
nous thrombolytic therapy was begun immediately af- 
ter the patients arrived at the coronary care unit (mean 
+ standard deviation 3.1 + 1.1 hours after the onset of 
pain) and coronary angiography was performed no lat- 
er than 45 minutes thereafter (mean 35 + 7 minutes). 
A second complete left-sided cardiac catheterization 
was performed in the mean 19 days after admission in 
all patients with successful recanalization and in 9 of 
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the 14 patients in whom measures to recanalize the oc- 
cluded coronary artery failed. 

Inclusion criteria were as follows: (1) persistent an- 
ginal pain for >30 minutes and <4 hours; (2) ST-seg- 
ment elevations of a total of 20.5 mV in =2 leads of 
the standard 12-lead electrocardiogram; (3) no contra- 
indications for thrombolytic treatment; (4) no evidence 
of valvular heart disease, cardiomyopathy, left bundle 
branch block or previous AMI in the same location; (5) 
age <75 years; (6) willingness of the patient to undergo 
coronary angiography during the course of the hospital 
Stay. 

Among the 86 patients complying with these inclu- 
sion criteria, 29 were excluded from final analysis due 
to 1 of the following reasons: (1) documentation of 
reocclusion of the infarct-related artery on control coro- 
nary angiography in 7 patients; (2) uncertain point of 
time of recanalization in patients with a subtotal ob- 
struction of the infarct-related artery on first angio- 
graphic evaluation in 10 patients; (3) death of the pa- 
tient before completion of the study protocol in 3 pa- 
tients; and (4) ventricular fibrillation and resuscitation 
with concomitant skeletal muscle damage preventing 
comparison of troponin T values with inappropriately 
high creatine kinase activity measurements in 9 pa- 
tients. Thus, the final study group comprised 57 pa- 
tients. 

All patients gave written informed consent after a 
thorough explanation of the study protocol and the pos- 
sible harmful and beneficial effects of the planned ther- 
apeutic and diagnostic procedures. 

Evaluation of infarct perfusion: The patients and 
those accompanying them to the cardiac care unit were 
asked to indicate the time of onset of pain as accurately 
as possible. Immediately after transfer to the catheter- 
ization laboratory, a diagnostic coronary angiography 
(transfemoral approach) was performed to identify the 
infarct-related coronary artery and the presence of col- 
lateral blood flow and to document the extent of coro- 
nary artery disease. Thereafter, a guiding catheter was 
placed to perform immediate angioplasty if the flow of 
contrast material in the infarct-related artery was grade 
<23 | hour after initiation of intravenous thrombolytic 
treatment, or if the residual diameter narrowing of the 
infarct-related artery was 290%. Injections of contrast 
material were repeated every 10 minutes until recanali- 
zation of the infarct vessel. Success of recanalization 
was controlled by a last injection of contrast material 
10 minutes after successful recanalization. The repeat- 
ed invasive investigation at a mean time of 19 days af- 
ter the onset of AMI included a left ventricular and 
coronary angiography. AMI perfusion was assessed 
from cineangiograms by 2 experienced cardiologists 
who were unaware of the serologic test results. 
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A 12-lead electrocardiogram was recorded twice on 
day 1, once on days 2, 3, 4, 7 and 14, and before dis- 
charge of the patients from the hospital. The patient 
was routinely seen 3 times on days 1, 2 and 3, and then 
daily thereafter. In the case of new anginal pain, a 12- 
lead electrocardiogram was recorded immediately and 
the patient was seen by the responsible cardiologist, 
who decided whether to repeat angiography immediate- 
ly or to delay it until 3 weeks after admission. 

Myocardial marker proteins: Blood samples were 
obtained on admission, 2 hours after admission and ev- 
ery 4 hours during the first day, every 8 hours during 
the second day, then twice daily until the end of the 
first week, and, finally, once a day until the 14th day 
after admission. To allow clotting, the samples were 
kept at room temperature for 15 minutes, then centri- 
fuged, and stored as serum aliquots at —20°C until all 
blood samples were obtained. 

From these serum samples, concentrations of circu- 
lating cardiac troponin T were measured in duplicate 
by an enzyme immunoassay developed in cooperation 
with Boehringer Mannheim, Federal Republic of Ger- 
many.'’ In this assay, cardiac troponin T is bound by 
affinity-purified cardiospecific polyclonal antibodies on 
polyvinyl chloride test tubes and horseradish peroxidase 
labeled monoclonal antibody in liquid phase. The ana- 
lytic sensitivity of this test is 0.5 ug/liter, which is de- 
fined as a color change of the substrate solution >3 
standard deviations of mean unspecific substrate con- 
version. An identical analytic sensitivity was found us- 
ing cardiac troponin T purified from beef, dog or rat 
ventricular myocardium. At this level of sensitivity, no 
circulating troponin T levels were found in sera of 126 
healthy volunteers and in a pool of blood donors. The 
interassay and interday coefficients of variation were 
4% and 6% at 2.5 ug/liter cardiac troponin T, respec- 
tively. The test procedure could be completed semiauto- 
matically in 90 minutes with a batch analyzer (Enzy- 
mun Test System-ES22, Boehringer Mannheim, Fed- 
eral Republic of Germany). 

The affinity-purified antitroponin T antibody frac- 
tion and the labeled monoclonal antibody were specific 
for troponin T as assessed by immunoblot analysis and 
by amino acid analysis of the antigen bound by these 
antibodies. Both the affinity purified antibodies and the 
monoclonal antibody 1B10 reacted with a 28.5-kD 
fragment of cardiac troponin T as well. The affinity 
purified antibody fraction did not cross react with skele- 
tal troponin T in immunoblot analysis. However, in the 
bideterminant assay system, a 1 to 2% “‘cross-reactiv- 
ity” was observed using purified skeletal troponin T as 
antigen. This cross-reactivity was due to unspecific 
binding of the purified skeletal troponin T antigen to 
the assay tubes and does not represent an immunologic 
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TABLE I Clinical Characteristics 


No. of 
AMI Group Pts. 


Age (yrs) 


57 + 8.0 
58 + 9.7 
60 + 11.5 


Early rep. 
Late rep. 
Perm. occ, 


AMI = acute myocardial infarction; CA = coronary artery; Collat. = collateral blood flow; Early rep. = reperfusion <3.5 hours after onset of pain; LAD = 


coronary artery; Late rep. = reperfusion >3.5 hours after onset of pain; LC = 
Recanal. = recanalization. 


cross-reactivity. In patients with major skeletal muscle 
damage and serum creatine kinase activities >600 
times the upper limit of normal, no elevated troponin T 
levels were detectable. !8 

Total serum enzyme activity of creatine kinase 
(CK-EC 2.7.3.2.) was measured colorimetrically using 
a Chem | analyzer (Technicon, Terrytown, USA) and 
the reagents provided by the manufacturer. The upper 
limit of normal was 80 IU/liter at 25°C, 

Data analysis: The serum concentration changes of 
troponin T are shown in the respective AMI groups as 
median values and interquartile (25 to 75%) range. The 
time of marker protein elevation comprised the time of 
troponin T elevation >0.5 ug/liter or total creatine ki- 
nase activity above 80 [U/liter. A distinct troponin T 
peak on day | was defined as an elevation of 2 consecu- 
tive troponin T measurements exceeding the previous 
and following troponin T values by 10%. Analysis of 


FIGURE 1. Fractination of cytosolic cardi- 


decylsulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE) (right) and identifi- 
cation of the cytosolic troponin T antigen 


by monoclonal antitroponin T antibody 
1B10 (left). LV = human left ventricle; 
MAB = monoclonal antibody; RV = nr, 
man right ventricle; Std = standard pro 
UAG UF kaoumi nocd Wdis Tut = 
troponin T purified from human cardiac 
myofibrils. 


Std TnT LV RV 





SDS-PAGE 
(Lämmli) 


Time to 
Recanal. 


Collat. (hrs) 


3.0 + 0.55 
4.9 + 0.90 


left anterior descending 


left circumflex coronary artery; Perm. occ. = permanent occlusion; RCA = right coronary artery; 


variance was used throughout the study. Subclasses 
were analyzed by Scheffe’ test. Statistical significance 
was accepted at the 0.05 probability level. 


RESULTS 

In human myocardium of 3 healthy organ donors, 
an unbound troponin T pool of 0.024 + 0.007 mg/g 
wet weight was found, which represents an average of 6 
+ 1.1% of total troponin T content in human myocar- 
dium. The cytosolic troponin T concentrations in left 
ventricular myocardium of rats (n = 12), beef (n = 3) 
and dogs (n = 3) were 0.02 + 0.009, 0.03 + 0.008 and 
0.013 + 0.08 mg/g wet weight, respectively, corre- 
sponding to 3.5 + 0.9, 7.8 + 1.4 and 5.1 + 0.8% of 
total myocardial troponin T. The cytosolic troponin T 
obtained as ultracentrifuged, low ionic strength extract 
of the left and right human ventricles (Figure 1) reveals 
similar electrophoretic and immunologic properties as 


Immunoblot 
(MAB/1B10) 


TnT LV RV 
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cardiac troponin T, which was purified from insoluble 
human myofibrils. 

Clinical characteristics of the final study group (Ta- 
ble I): Recanalization was achieved in 24 of the 57 pa- 
tients <3.5 hours after the onset of symptoms and in 
19 patients >3.5 hours, whereas measures to recanalize 


Early Reperfusion 


Median 
#8 Interquartile Range 


Late Reperfusion 


Median 
#8 Interquartile Range 


Permanent Occlusion 


Median 
#8 Interquartile Range 





FIGURE 2. Serum concentration changes of cardiac troponin 
T in A, 24 patients with reperfused acute myocardial infarc- 
tion <3.5 hours after onset of pain (early reperfusion group), 
in B, 19 patients with reperfusion >3.5 hours (late reperfu- 
sion), and C, in 14 patients with nonreperfused acute myocar- 
dial infarction (permanent occlusion). The serum concentration 
changes are shown as a median increase of the patients’ se- 
rum levels (c) above the analytic sensitivity of the assay of 0.5 
ug/iter (cD) and their interquartile (25 to 75%) range. c/cD = 
relative increase of serum troponin T concentrations above de- 
tection limit of the assay. 
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the occluded coronary artery failed in 14 patients. The 
3 patient groups were comparable in age, sex distribu- 
tion and infarct-related coronary artery. Opacification 
of the occluded coronary artery by collateral blood flow 
was more frequently seen in patients in whom recanali- 
zation could not be achieved. The mean time to reper- 
fusion was 3 hours in the early and 4.9 hours in the late 
reperfusion group (p <0.001). In 5 of the 14 patients in 
whom recanalization of the occluded coronary artery 
failed, no second cardiac catheterization was per- 
formed, as the patients were asymptomatic and no re- 
versible ischemia was found on thallium-201 exercise 
testing. No additional diagnostic information was ex- 
pected from a second complete left-sided cardiac cathe- 
terization in these 5. 

Effects of acute myocardial infarction reperfusion 
on the release kinetics of troponin T (Figure 2): The 
serum concentration changes of troponin T on day 1 
after the onset of pain are strikingly different in the 
patients with reperfused and nonreperfused AMI. In 
patients with AMI reperfusion <3.5 hours after onset 
of pain (early reperfusion, Figure 2A), a marked tro- 
ponin T release is found on day 1, resulting in a median 
peak value of 55 times the detection limit of the assay 
at a median time of 14 hours after the onset of pain. 
This initially released troponin T is rapidly elirhinated 
from circulation until troponin T levels increase again, 
reaching a second peak value around the 4th hospital 
day. The ratios of early and late troponin T levels are 
>1.5 in this group of patients. In the 14 patients of the 
permanent occlusion group (Figure 2C) the initial tro- 
ponin T peak is absent and troponin T levels on day 1 
are significantly less than those on day 4 (ratios <0.9). 
Thus only late peaking of troponin T serum concentra- 
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FIGURE 3. Median, 50% and 90% range of time to troponin 
T peak value on day 1 (left) and peak serum value (right). in 
patients with nonreperfused acute myocardial infarction, no 

distinct troponin T peak is observed on day 1. ER = reperfu- 
sion <3.5 hours after onset of pain; LR = reperfusion >3.5 

hours after onset of pain; ns = not significant. 
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tions is found in this group of patients. The 19 patients 
with late reperfusion of AMI (>3.5 hours after the on- 
set of pain, Figure 2B) had intermediate kinetics of tro- 
ponin T release on day 1, compared with the early re- 
perfusion and permanent occlusion group. The ratios of 
peak troponin T levels at 1 and 4 days after the onset of 
AMI were >1.0 in all but 2 patients. In these latter 2, 
recanalization of the occluded coronary artery was 
achieved only >5.5 hours after the onset of pain and 
the release kinetics of troponin T correspond to those 
found in patients with permanent occlusion. The ratios 
of troponin T peak levels on day 1 and 4 depend on the 
duration of the ischemic period, i.e., the longer the time 
interval from the onset of pain until recanalization, the 
lower is this ratio (p <0.01). 

Effects of acute myocardial reperfusion on troponin 
T peak concentrations and duration of elevation in se- 
rum (Figures 3 to 5): A distinct troponin T peak value 
on day | is found in all patients with early reperfusion 
and in all but 2 patients with late reperfusion but not in 
patients with nonreperfused AMI. In the 2 patients of 
the late reperfusion group, revealing release kinetics 
similar to patients of the permanent occlusion group, 
recanalization of AMI was achieved >5.5 hours after 
the onset of pain. Time to troponin T peak on day | 
and peak serum concentrations on day | are compara- 
ble in patients with early and late reperfused AMI 
(Figure 3). Infarct reperfusion does not affect time un- 
til late troponin T peak concentration, which is 90 
hours in reperfused and nonreperfused AMI (Figure 
4). The peak concentrations of late troponin T release 
are significantly less in patients in whom recanalization 
was achieved within 3.5 hours after the onset of pain, 
compared with patients with late reperfusion or nonre- 
perfused AMI. Troponin T appeared in serum and dis- 
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FIGURE 4. Median, 50% and 90% range of time to late tro- 
ponin T peak value (left) and peak serum concentration 
(right). PO = permanent occlusion; other abbreviations as in 
Figure 3. 





appeared from serum significantly earlier in patients 
with reperfused AMI, compared with patients with 
nonreperfused AMI (Figure 5). 

Creatine kinase: The time intervals from onset of 
pain to peak creatine kinase activities are significantly 
different in the early and late reperfusion groups as well 
as in the permanent occlusion group (10 vs 14 hours, p 
<0.01; 14 vs 23 hours, p <0.01), although peak serum 
activities are not (830, 1,005, and 770 IU /liter, differ- 
ence not significant). In addition, the more rapid wash- 
out of cytosolic creatine kinase from AMI results in a 
faster increase of CK activities in reperfused compared 
with nonreperfused AMI (3.0 and 3.9 vs 5.2 hours, p 
<0.01) and in a tendency toward earlier normalization 
of elevated creatine kinase activities (71 and 82 vs 97 
hours, difference not significant). 


DISCUSSION 

To study the effects of AMI reperfusion on serum 
concentration changes of cardiac marker proteins, 
blood flow to the infarct zone and point of time of re- 
perfusion have to be assessed carefully. Therefore, in 
the present study, blood flow to the infarct zone was 
documented by immediate angiography and care was 
taken to include only patients with an initially occluded 
coronary artery. During the time period of the present 
study, we routinely performed immediate angioplasty in 
patients with residual high-grade coronary artery steno- 
sis after successful thrombolytic therapy. As a result of 
these efforts, blood flow was grade 3 according to the 
criteria of Sheeham et al,” i.e., rapid filling of the in- 
farct-related artery by anterograde flow of the contrast 
material in all but 2 patients of the reperfusion groups 
or the infarct-related artery remained occluded. Thus, 
in addition to documentation of point of time of recana- 
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FIGURE 5. Median, 50% and 90% range of time to first ele- 
vation of troponin T in serum (left) and time to last elevation 
of troponin T in serum (right). Abbreviations as in Figures 3 
and 4. 
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lization, blood flow in the infarct-related artery was 
comparable in the early and late AMI reperfusion 
groups as assessed by angiography. The lack of a re- 
peated angiographic evaluation in 5 of the 14 patients 
in whom recanalization was not achieved should not 
interfere with the conclusion reached in the present 
study, as salvage angioplasty was terminated unsuccess- 
fully not <5.5 hours after the onset of pain in these 5. 
A spontaneous recanalization occurring thereafter 
should not result in a major change in troponin T re- 
lease kinetics. 

In patients with early infarct reperfusion, a marked 
troponin T “washout” was found on day 1 after the 
onset of AMI, resulting in a pronounced peak value. 
The kinetics of appearance of this troponin T pool were 
similar to other cytosolic proteins like creatine kinase, 
and its release ended at about 32 hours after the onset 
of pain. With increasing durations of ischemia until re- 
canalization, less troponin T appeared in circulation on 
day 1. In patients with nonreperfused AMI or reperfu- 
sion occurring >5.5 hours after the onset of pain, no 
increased troponin T release on day 1 was found and 
the serum concentration changes corresponded to the 
release kinetics of subcellularly compartmented proteins 
like myosin light chains. 

The serum concentration changes of troponin T af- 
ter AMI reperfusion are most probably explained by 
the intracellular compartmentation of this myofibrillar 
protein. Thus, in myocardium of all species analyzed, 
we found a soluble cytosolic troponin T pool varying 
between 13 to 36 ug/g wet weight of cardiac tissue. As 
shown, this cytosolic troponin T antigen is not a frag- 
ment of troponin T but corresponds in its molecular 
weight to undegraded cardiac troponin T. These find- 
ings are in contrast to conclusions reached from protein 
turnover studies by Martin.!? In contrast to data ob- 
tained with troponin I and myosin light chains, Mar- 
tin’s studies analyzing incorporation of tritiated leucine 
into myofibrillar proteins did not show evidence in favor 
of an unassembled troponin T pool. However, data ob- 
tained in the present study using a quantitative assay 
indicate a 50 times larger cytosolic pool of troponin T, 
compared with myosin light chains 1.2024 AMI reper- 
fusion apparently leads to an increased appearance of 
this free cytosolic troponin T pool in circulation, result- 
ing in a rapid rise of serum troponin T levels on day 1 
after reperfusion. The reduced troponin T release on 
day | found in patients with late AMI reperfusion or in 
nonreperfused AMI is probably due to the degradation 
of troponin T in the infarct zone or may be due to 
microvascular swelling, thus preventing the entrance of 
troponin T into serum, or due to a combination of both 
effects. 
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Independently from variations in early infarct perfu- 
sion, a persistent serum elevation of troponin T beyond 
the 5th day after AMI is found in all patients. This 
cannot be attributed to slow elimination from circula- 
tion (serum half life 120 minutes) but indicates ongoing 
troponin T release during infarct evolution. The release 
of this troponin T pool seems to be relative to the deg- 
radation of the contractile apparatus and advanced irre- 
versible cell damage. Variations of blood flow to the 
infarct zone in the early period of AMI did not affect 
the appearance kinetics of this compartmented troponin 
T pool. However, troponin T levels were significantly 
lower in early AMI reperfusion and duration of serum 
elevation of troponin T was shorter than in nonreper- 
fused AMI. This eventually indicates a limitation of in- 
farct size and a more rapid evolution and healing of 
AMI in patients with early recanalization of an occlud- 
ed coronary artery. 

Clinical implications: The serum concentration 
changes of troponin T in patients with reperfused and 
nonreperfused AMI reveal characteristics of both free 
cytosolic molecules on day 1 after AMI and of struc- 
turally bound constituents thereafter. Therefore, differ- 
ent data may be obtained by analyzing early and late 
changes in troponin T serum concentration. The serum 
concentrations of troponin T on day | depend on perfu- 
sion of AMI and the analysis of concentration changes 
of troponin T may be useful to assess noninvasively the 
effectiveness of thrombolytic treatment. Thus, all pa- 
tients with AMI reperfusion <5.5 hours after the onset 
of pain had ratios of peak troponin T concentrations on 
day | to troponin T levels at day 4 >1.0, whereas in 
patients with nonreperfused AMI this ratio was <1.0. 
By contrast, release kinetics of troponin T after day 1 
were not affected by AMI reperfusion and result from 
continuous release of troponin T from infarcting tissue 
due to degradation of myofibrils. Late troponin T levels 
may therefore depend on the size of AMI, an assump- 
tion that is currently tested in experimental studies. In 
the present investigation, late peak troponin T levels 
were significantly lower in patients with early reper- 
fused, compared with nonreperfused AMI, whereas 
peak values of creatine kinase tended to be higher in 
patients with reperfused compared with nonreperfused 
AMI. Furthermore, release of cytosolic and compart- 
mented troponin T results in very extended time periods 
of marker protein elevation in serum. This allows the 
detection of AMI during a prolonged time interval, 
which is not attainable by creatine kinase measure- 
ments. 

Thus, cardiac troponin T is a useful marker for the 
detection and monitoring of AMI. As a modified ver- 
sion of this test is now available by Boehringer Mann- 
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heim,?5 a widespread use of this marker in clinical rou- 
tine will be possible. 
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Usefulness of ST-Segment Changes in >2 Leads 
on the Emergency Room Electrocardiogram in 
Either Unstable Angina Pectoris or Non-Q-Wave 
Myocardial Infarction in Predicting Outcome 


Marc Cohen, MD, Linda Hawkins, RN, Steven Greenberg, MD, and Valentin Fuster, MD 





To determine the reliability of the admission 
electrocardiogram in predicting outcome in pa- 
tients hospitalized for chest pain at rest, 90 pa- 
tients were randomized into a trial of aspirin ver- 
sus heparin in unstable angina or non-Q-wave 
myocardial infarction, and prospectively followed 
for 3 months. The emergency room admission 
electrocardiogram was analyzed for ST-segment 
deviation > 1 mm/lead and T-wave changes. Un- 
favorable outcomes were recurrent ischemic 
pain, myocardial infarction and coronary revas- 
cularization with angioplasty or surgery. In pa- 
tients who underwent coronary arteriography, a 
myocardium in jeopardy score ranging from 0 to 
10 was assigned, based on the number of ves- 
sels with a diameter stenosis >70% and the lo- 
cation of the stenoses. Considering all 90 pa- 
tients, an admission electrocardiogram with ST- 
segment deviation in >2 leads had a positive 
predictive value for adverse clinical events of 
79% and a negative predictive value of 64%. In 
the subset of patients without left ventricular hy- 
pertrophy and whose admission electrocardio- 
grams were recorded during chest pain (62 of 
90), the positive predictive value of ST deviation 
in 22 leads improved to 89% and the negative 
value to 72%. Of the 62 patients, 53 underwent 
coronary arteriography. There was a positive lin- 
ear correlation between the total number of 
leads with ST-segment deviation and the myo- 
cardium in jeopardy score (r = 0.80, p <0.001). 
In patients with unstable angina or non-Q-wave 
myocardial infarction, an admission electrocar- 
diogram recorded during pain and revealing ST- 
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segment changes in >2 leads is by itself a reli- 
able predictor of major clinical events. The total 
number of leads with ST changes predicts the 
extent of myocardium in jeopardy. 

(Am J Cardiol 1991;67:1368-1373) 


into 2 groups, progressive angina versus rest or 

preinfarction angina.' Patients with progressive 
angina respond well to antianginal drugs and to aspi- 
rin. In contrast, patients with angina at rest consti- 
tute a higher risk subset. They have a higher rate of 
progression to myocardial infarction or death and, more 
important, almost 50% of them will fail medical thera- 
py and undergo revascularization with either coronary 
angioplasty or bypass surgery.*© In parallel, patients 
with non-Q-wave myocardial infarction are also suscep- 
tible to recurrent ischemia or infarction, or both.” Given 
the high event rates, should everyone with ischemic 
chest pain at rest undergo early catheterization and cor- 
onary arteriography? This investigation was undertak- 
en to test whether a simple noninvasive procedure—the 
admission electrocardiogram obtained in the emergency 
room—could reliably predict adverse clinical outcome. 
We observed that an admission electrocardiogram re- 
corded during pain and revealing ST-segment changes 
in 22 leads is by itself a reliable predictor of major 
clinical events. In addition, the total number of leads 
with new ST or T-wave changes correlates with the 
extent of myocardium in jeopardy. 


Pi? with unstable angina can be stratified 


METHODS 

The patient population was derived from 94 pa- 
tients, presenting with angina pectoris at rest or with 
non-Q-wave myocardial infarction, who were enrolled 
in our prospective trial of antithrombotic therapy in the 
acute coronary syndromes.® The study was conducted 
at Mount Sinai Hospital after approval by the 
institutional review board concerned with human re- 
search. From 1987 to 1989, patients with cardiac pain, 
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rest pain or non-Q-wave myocardial infarction were 
screened. Men and women aged between 21 and 75 
years were eligible if they met both of the following 
inclusion criteria: (1) presented to the hospital with 
pain caused by either unstable angina or non-Q-wave 
myocardial infarction defined as (a) recent onset (<4 
weeks) of prolonged (>10 minutes) or recurrent (22 
episodes /day) chest pain suggestive of acute myocardi- 
al ischemia, (b) pain occurred at rest or on minimal 
effort and (c) pain occurred <48 hours of screening; 
(2) in addition, there must have been clinical evidence 
of underlying coronary artery disease, as shown by 21 
of the following: (a) electrocardiographic changes dur- 
ing chest pain (T-wave changes, 21 mm ST-segment 
depression, or transient ST-segment elevation), (b) his- 
tory of myocardial infarction, positive exercise test or 
coronary arteriogram, or (c) typical exertional chest 
pain relieved by rest or nitroglycerin, or both. Exclusion 
criteria were evolving Q-wave myocardial infarction, 
-left bundle branch block, angina precipitated by obvi- 
ous provoking factors (e.g., heart failure, tachyarrhyth- 
mia, hypertension [systolic 2160 mm Hg, diastolic 
>100 mm Hg]), current use of or contraindications to 
anticoagulation, coronary angioplasty <6 months or 
coronary bypass surgery <1 year previously, or patient 
unable or unwilling to give consent. 

Ninety-four patients with unstable angina or non-Q- 
wave myocardial infarction (54% of those eligible) were 
enrolled. After consent was obtained, patients were ran- 
domized to 1 of 3 antithrombotic regimens, including 
either aspirin or heparin, or both, added to conventional 
antianginal medications. The doses of the 3 antianginal 
drugs were maximized within 48 hours of admission in 
order to reduce the systolic blood pressure to <120 to 
130 mm Hg and the heart rate to <65 beats/min. Of 
the 94 patients enrolled, 4 were not included in this 
analysis. One patient signed out against medical advice 
from the emergency room, and 3 other patients did not 
have long-term follow-up and no determination could 
be made regarding their clinical status by the end of the 
12-week study period. The 90 patients with complete 
in-hospital and 12-week follow-up constitute the study 
population. 

Electrocardiographic analysis: Standard 12-lead 
electrocardiographic tracings were collected and ana- 
lyzed in a blinded fashion for every patient. These in- 
cluded a preadmission “baseline” tracing, if one was 
available, all tracings obtained in the emergency room, 
the daily in-hospital tracing, and the 6- and 12-week 
follow-up tracings. In patients who underwent revascu- 
larization with coronary angioplasty or coronary bypass 
surgery, the “postoperative” tracing obtained the day 
after surgery was analyzed. The recordings were made 
using a 25-mm//s paper speed, and standardization was 


1.0 mV = 1.0 cm. ST-segment deviation was consid- 
ered significant if 21.0 mm from the baseline defined 
by 2 consecutive T-P segments. ST-segment elevation 
was measured to the closest 1 mm, 0.02 second from 
the J point. ST-segment depression was measured 0.08 
second after the J point. Abnormal T waves (hyper- 
acute, flattened or inverted) were also noted. Left ven- 
tricular hypertrophy was defined by a sum of R waves 
in leads V; or Vę plus an S wave in V, or V2 
>35 mm, and by the presence of a “strain” ST-T pat- 
tern. The “admission” electrocardiogram was defined 
as follows: (1) In patients arriving without chest pain, 
the first tracing recorded was used. (2) In patients ar- 
riving with on-going anginal pain, the first tracing re- 
corded was labeled “admission electrocardiogram dur- 
ing pain.” (3) Three patients arrived at the emergency 
room pain-free, but developed angina pectoris during 
their evaluation. In these, the electrocardiogram record- 
ed during the anginal attack was labeled “admission 
electrocardiogram, during pain.” 

Several “electrocardiographic” variables were calcu- 
lated: (1) the total number of leads with ST-segment 
deviation =1 mm; (2) the sum of ST-segment devi- 
ation, defined as the sum of the absolute magnitudes of 
ST deviation (+ or —) =1 mm over 12 leads; and (3) 
the total number of leads with either ST-segment devi- 
ation >1 mm or abnormal T waves. Sixty-two of the 
90 patients (69%) were included in a subset population. 
In patients in whom a comparison electrocardiogram 
was available (either a prior baseline tracing or | ob- 
tained after anginal pain was relieved), 3 additional 
electrocardiographic variables were calculated using 
side-by-side comparison of the admission and the 
“comparison” electrocardiograms: (1) the total number 
of leads with new ST-segment changes, (2) the sum of 
new ST-segment deviation, and (3) the total number of 
leads with new ST-segment or T-wave changes. 

Unfavorable outcome: Unfavorable outcome in the 
hospital phase or during the 12-week follow-up was de- 
fined as follows: (1) recurrent myocardial ischemia or 
recurrent angina at rest with ischemic electrocardio- 
graphic changes; (2) myocardial infarction, chest pain 
associated with new ST-T-wave changes or Q waves 
and a rise in serum creatine kinase to >2 times the 
upper limit of normal; in patients admitted with a non- 
Q-wave myocardial infarction, reinfarction was diag- 
nosed by recurrent pain associated with new ST-T- 
wave changes or Q waves and an increase of 250% in 
creatine kinase activity above the preceding sample, but 
>1.5 times the upper limit of normal’; perioperative 
myocardial infarction was identified by a combination 
of electrocardiographic and enzyme criteria: creatine 
kinase isoenzyme MB must have been >50 um/ml 
(normal <16 um/ml); (3) death: all deaths regardless 
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of etiology occurring during the 12-week follow-up; and 
(4) revascularization with coronary angioplasty or by- 
pass surgery for recurrent pain or compelling anatomy 
(290% stenosis in the proximal segment of either the 
left anterior descending, right coronary or dominant left 
circumflex artery). Angioplasty or bypass surgery in 
the absence of these indications was not considered an 
unfavorable outcome. 

Coronary arteriographic analysis: Fifty-three of the 
62 subset patients had catheterization and coronary ar- 
teriography. In these 53, the extent of myocardium in 
jeopardy was quantified by the assignment of a jeopar- 
dy score based on the severity of coronary artery dis- 
ease in a manner similar to that of Califf et al.8 The 
severity of coronary artery stenoses was assessed in 
multiple views by 2 observers unaware of the patients’ 
electrocardiographic changes. A >70% narrowing of 
the lumen diameter was considered clinically signifi- 
cant. In the left main artery, the stenosis had to be 
250%. The myocardium in jeopardy score ranged from 
0 to 10 based on the number of vessels with significant 
stenoses and the location of the stenoses (proximal or 
distal). Grade 1 is a stenosis in a distal left anterior 
descending artery or first diagonal branch, in a non- 
dominant left circumflex artery beyond the first obtuse 
marginal artery, or in a distal right coronary artery be- 
yond the origin of the posterior descending artery. 
Grade 2 is a stenosis in the mid-right coronary artery, 
in a non-dominant circumflex artery proximal to the 
first obtuse marginal, or within a large first obtuse mar- 
ginal artery. Grade 3 is a stenosis in a proximal right 
coronary or mid-left anterior descending artery. Grade 
5 is a stenosis in a proximal left anterior descending 
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artery (before the first septal perforator). Grade 7 is a 
left main artery narrowing. A dominant circumflex ar- 
tery was scored equal to a right coronary artery. Differ- 
ent grades in multivessel disease were added arithmeti- 
cally. Grade 0 is no significant stenosis. 

Statistical analysis: To test our hypotheses in the 
total study population (n = 90), we calculated the sen- 
sitivity, specificity and predictive values of the admis- 
sion electrocardiogram (revealing ST-segment deviation 
in 22 leads) in regard to unfavorable outcomes. Sec- 
ond, these calculations were repeated in the subset pop- 
ulation (n = 62) (Figure 1). Third, for the subset popu- 
lation, we plotted the relation between the total number 
of leads with new ST-segment changes (compared with 
a prior baseline tracing or a tracing after pain relief) 
and the myocardium in jeopardy score, and applied a 
linear regression analysis. Continuous variables are pre- 
sented as mean + standard deviation. 


RESULTS 

Characteristics of the study population (Table I): 
Clinical characteristics, including baseline demograph- 
ics as well as data acquired after randomization, are 
listed in Table I. The study population (n = 90) was 
comprised of patients at high risk for coronary artery 
disease. More than two-thirds had >1 coronary risk 
factor before admission, and 84% had a history of ei- 
ther a myocardial infarction or stable angina. Eleven 
patients (12%) had a prior Q-wave myocardial infarc- 
tion. Fifty-six patients were admitted with unstable an- 
gina and 34 with non-Q-wave myocardial infarction. 

An unfavorable outcome was documented in 56 of 
the 90 patients (62%): (1) recurrent myocardial isch- 


Subset of 90 with 
ECG recorded during pain 


—_ 


With new ST A's Without new ST As 
>2 leads > 2 leads 
44 (71%) 18 (29%) 
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Unfavorable Benign Unfavorable Benign 
outcome outcome outcome outcome 
39 (89%) 5 (11%) 5 (28%) 13 (72%) 


+ predictive value of the ECG = 89% 


eae ps 1. Relation between ST changes (ST A’s) in >2 leads and unfavorable outcome in the total study group (left) and the 


subset (right). ECG = electrocardiogram. 
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TABLE | Clinical Characteristics of the Study Population 


Demographics 


Age (yrs) 

Gender M/F 

Previous angina or MI 

Interval from onset of angina or first MI (mos) 
Prior Q-wave MI 

Cigarette smoker 

Systemic hypertension 

Diabetes mellitus 


Total Group 
(n = 90) (%) 


62+9 

55/35 (61/39) 
76 (84) 

47 + 46 

11 (12) 

50 (57) 

45 (50) 

34 (37) 


In-hospital data 
Time between enrollment and last rest pain (hrs) 
ST-T changes at randomization 
Present with non-Q-wave MI 
Underwent angiography 
% of 58 with diseased vessels (> 70%) 


12+ 10 
67 (74) 
34 (38) 
58 (62) 


6 (10) 
12 (21) 
13 (22) 
23 (40) 
Left main artery 4 (7) 
Revascularization for pain or compelling anatomy 
Coronary angioplasty 
Coronary bypass surgery 
Nonobstructive CAD or negative ETT 


18 (20) 
23 (26) 
16 (18) 


CAD = coronary artery disease; ETT = maximal exercise tolerance test; MI = 
myocardial infarction. 





emia in 29 patients, (2) myocardial infarction in 4, (3) 
death in 1 and (4) revascularization with coronary an- 
gioplasty or bypass surgery for recurrent pain or com- 
pelling anatomy in 41 patients. In 34 patients there 
were no untoward events during the 12-week follow-up 
period. In 16 of these 34, nonobstructive coronary dis- 
ease or a negative maximal stress test was documented. 
Sensitivity, specificity and predictive value of the 
admission electrocardiogram: Correlation between the 
admission electrocardiogram revealing ST-segment de- 
viation in 22 leads and an unfavorable outcome are 
summarized in Table II. Considering all study patients 
(n = 90), the sensitivity, specificity and positive predic- 
tive value for this electrocardiographic parameter was 
79, 61 and 77%, respectively. An admission electrocar- 
diogram with ST-segment deviation in <2 leads had a 
negative predictive value of 64%. In the subset of 62 
patients with pain during the admission electrocardio- 
gram and without left ventricular hypertrophy, the sen- 
sitivity, specificity and positive predictive value for this 
electrocardiographic parameter improved to 89, 72 and 
89%, respectively. In this subset, the negative predictive 
value was 72%. The correlation between ST- or T-wave 
changes in =2 leads yielded a sensitivity of 89%, but 
the specificity was relatively low (56%). 
Electrocardiographic correlation with extent of 
myocardium in jeopardy: In the subset of 62 patients 
with pain during the admission electrocardiogram, the 
relation between the total number of leads with new 


TABLE I! Correlation Between the Admission 
Electrocardiogram and Unfavorable Outcome 


Unfavorable 
Outcome 


No Yes 





Total study group (n = 90) 
ECG with ST-segment deviation > 2 leads 

No 21 12 

Yes 13 44 
Sensitivity 79%; specificity 61%; positive 

predictive value 77%; negative 

predictive value 64%. 


Subset (n = 62) 
ECG with ST-segment deviation > 2 leads 
No 13 5 
Yes 5 39 
Sensitivity 89%; specificity 72%; positive 
predictive value 89%; negative 
predictive value 72%. 


ECG = electrocardiogram. 


ST-segment changes (versus the comparison tracing) 
and the myocardium in jeopardy score was plotted 
(Figure 2). There was a significant positive correla- 
tion between the total number of leads with new ST 
changes and the extent of myocardium in jeopardy 
measured by the myocardium in jeopardy score (r = 
0.80, p = 0.0001); the electrocardiographic parameter 
sum of ST-segment deviation during pain correlated 
less significantly with the jeopardy score (r = 0.48, p = 
0.007). There was a weak correlation between the elec- 
trocardiographic parameter concerning the number of 
leads with new ST-segment changes and the extent of 
coronary artery disease measured by the traditional 
scheme of 1-, 2- or 3-vessel disease (r = 0.45). 
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FIGURE 2. Relation between the total number of leads (NOL) 
with new ST changes (ST A’s) during pain (abscissa) and the 
myocardium in jeopardy score (ordinate). 
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DISCUSSION 

Patients with angina at rest or with non-Q-wave 
myocardial infarction, especially those with electrocar- 
diographic changes, constitute a group that is at high 
risk for early myocardial infarction, death, or recurrent 
pain requiring coronary revascularization with angio- 
plasty or bypass surgery.4-7 Yet the outcome of an indi- 
vidual patient admitted with these syndromes is diffi- 
cult to predict. It can range from early discharge after 
coronary arteriography reveals normal coronary arter- 
ies (10 to 20% of patients) to early catheterization and 
revascularization because of recurrent myocardial isch- 
emia, or to myocardial infarction. Because of this vari- 
ability, many physicians feel compelled to refer all pa- 
tients with angina at rest for early catheterization. The 
results of our study suggest that, within certain guide- 
lines, a simple noninvasive test—the admission electro- 
cardiogram evaluated by the physician in the emergen- 
cy room—can reliably predict an unfavorable event and 
help to identify which patients may benefit from early 
definition of their coronary anatomy and which may be 
continued on medical therapy and referred for early 
stress testing. 

Prior studies of patients with unstable angina identi- 
fied several noninvasive and invasive parameters as be- 
ing strong predictors of an adverse outcome. These in- 
clude recurring pain in the hospital with associated 
electrocardiographic changes, recurrent silent ischemia 
detected by Holter monitoring and the extent of coro- 
nary artery disease documented by angiography. The 
first noninvasive parameter to be described was 
recurring pain associated with electrocardiographic 
changes.?"!'! Other studies used information derived 
from the admission electrocardiogram. In a study of 
>1,000 patients with unstable angina, Lewis et al? ob- 
served that ST-segment depression on admission was 
the most important predictor of death. They did not, 
however, exclude patients with left ventricular hyper- 
trophy or left bundle branch block from their analysis. 
Other investigators!*-'4 have focused attention on a 
specific pattern of electrocardiographic changes— 
namely, anterior T-wave inversions—as being predic- 
tive of a poor outcome and of severe proximal stenosis 
in the left anterior descending artery. More recently, 2 
large natural history studies,!>:!© incorporating clinical 
as well as coronary arteriographic data, identified an 
abnormal “baseline” electrocardiogram as one of the 
important prognostic variables in multivariate analysis. 
However, they did not attempt to specify which electro- 
cardiographic abnormalities were most predictive of a 
poor outcome. 

The noninvasive technique of Holter monitoring 
over 24 to 48 hours has identified recurrent silent isch- 
emia as a marker for unfavorable outcome in patients 
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with unstable angina.'’-!9 Using continuous electrocar- 
diographic monitoring, Nademanee,'* Langer! and 
their co-workers observed a significant correlation be- 
tween a total duration of ischemia >60 minutes and the 
presence of multivessel coronary artery disease. How- 
ever, in a population of patients with unstable angina 
that was not preselected, Wilcox et al?%2! found that 
recurrent pain at rest was a more sensitive predictor of 
serious events than was silent ischemia. 

Other studies, using multivariate analysis incorpo- 
rating both noninvasive and invasive parameters, identi- 
fied the extent of coronary artery disease as the most 
powerful predictor of adverse clinical outcome.*:!®!%22 
To avoid referring all patients with unstable angina for 
invasive catheterization, previous investigators attempt- 
ed to correlate electrocardiographic changes with the 
extent of coronary artery disease. Papapietro et al? ob- 
tained a correlation between the magnitude of maximal 
ST-segment shifts, and 3- versus 1- or 2-vessel coronary - 
artery disease. Langer et al!? obtained a correlation be- 
tween the duration of ST-segment shifts on Holter 
monitoring and the number (range | to 3) of vessels 
diseased. However, they accepted a diameter stenosis of 
250% as significant. In an angioplasty model of acute 
transient ischemia, Cohen et al** observed that both the 
sum of ST-segment shifts and the total number of leads 
with ST shifts correlated well with the percentage of 
the left ventricular perimeter in jeopardy. Based on 
these investigations, the present study evaluated differ- 
ent electrocardiographic parameters and correlated 
them with a more sensitive indicator of the extent of 
myocardium in jeopardy. The traditional method of 
ranking the extent of coronary disease—namely, 1-, 2- 
or 3-vessel disease—was substituted with a coronary 
scoring system that more accurately reflected the extent 
of myocardium at risk. In contrast to Papapietro et al, 
our observations suggest that the total number of leads 
revealing ST-segment changes was a more reliable indi- 
cator than either the maximal magnitude or the sum of 
ST-segment deviation. In addition, this study is the first 
to demonstrate that data from the admission electrocar- 
diogram are of reliable predictive value in patients with 
unstable angina. With data from the admission electro- 
cardiogram, decisions regarding triaging of patients to 
intensive care unit beds? or timing of invasive interven- 
tions (early versus delayed) could be facilitated. 

Study limitations: The predictive values we observed 
apply only when patients are treated as ours were, with 
antithrombotic therapy. There are limitations in apply- 
ing admission electrocardiographic criteria to the gener- 
al population. First, a baseline pattern of left ventricu- 
lar hypertrophy reduces both the predictive value and 
the correlation with the myocardium in jeopardy. Sec- 
ond, using the admission electrocardiogram in the ab- 
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sence of chest pain significantly reduces the sensitivity. 
Lastly, in the presence of chest pain, an electrocardio- 
gram with minimal changes does not completely pre- 
clude the presence of multivessel coronary artery dis- 
ease. 

In conclusion, in patients with unstable angina, an 
admission electrocardiogram recorded during pain and 
revealing ischemic changes is by itself a reliable predic- 
tor of major clinical events. Conversely, a “benign” 
electrocardiogram recorded during pain correctly iden- 
tifies patients with a benign clinical course in most 
cases, but does not necessarily preclude recurrent isch- 
emia or intervention. | 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Experience with a Third-Generation Implantable 
Cardioverter-Defibrillator 


Sanjeev Saksena, MD, Davendra Mehta, MD, PhD, Ryszard B. Krol, MD, Nicholas G. Tullo, MD, 
Amarkanth Saxena, MD, Raj Kaushik, MD, and John Neglia, MS 


A Medtronic 7216A pacemaker cardioverter-de- 
fibrillator was implanted in 16 patients (mean 
age 56 years) with sustained ventricular tachy- 
cardia (VT) or ventricular fibrillation (VF) and or- 
ganic heart disease with a mean left ventricular 
ejection fraction of 33%. Endocardial and epi- 
cardial defibrillation shock efficacy was evaluat- 
ed before or at implant using 1 to 3 shock pat- 
terns, i.e., monophasic single, sequential or si- 
multaneous shocks with dual and triple electrode 
configurations. Endocardial leads used a com- 
mon right ventricular cathode and dual anodes, 
whereas epicardial leads used 2 or 3 helical coil 
patches. VT termination was evaluated using 
pacing or shock therapy, or both, whereas only 
shocks were used in VF. Programmable brady- 
cardia pacing, individual zones for VT and VF 
detection and individualized pacing and shock 
therapy for VT and VF were used. Monophasic 
shocks had epicardial defibrillation thresholds 
ranging from 3 to 18 (mean 10) J and were com- 
parable for sequential and simultaneous shocks 
(p >0.2). VT detection rates ranged from 340 to 
470 ms and VF detection rates from 270 to 330 
ms. VT or VF induction, or both, was performed 
noninvasively in 13 patients after implant and 
was reproducibly terminated by rapid pacing 
alone (5 patients), low-energy shocks (2 pa- 
tients), high-energy shocks (3 patients) and com- 
bined therapy (3 patients). Intermediate or high- 
energy shocks terminated all induced VF epi- 
sodes. During follow-up (2 to 12 months), there 
have been 2 noncardiac deaths. Electrical thera- 
py was delivered in 7 patients, for VT (3 pa- 
tients), VT and VF (3 patients) and indetermi- 
nate tachyarrhythmia (1 patient). All VT/VF epi- 
sodes were successfully terminated, with 78 of 
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96 (81%) spontaneous VT episodes terminated 
by pacing. Follow-up reprogramming was re- 
quired in 5 patients. It is concluded that success- 
ful application of individualized electrical therapy 
prescriptions in patients with VT/VF is feasible. 
Pacing therapies, which are effective for induced 
VT, can be reliably used for effective long-term 
spontaneous VT termination in conjunction with 
shock therapy and can permit reduced patient 
exposure to shock therapy. Thus, a programma- 
ble hybrid pacemaker cardioverter-defibrillator 
system provides nonthoracotomy implantation, 
effective VT/VF termination, demand ventricular 
pacing and noninvasive modes for arrhythmia in- 
duction, event monitoring and clinical trouble- 
shooting. 

(Am J Cardiol 1991;67:1375-1384) 


urrent therapeutic strategies for the treatment 
i of patients with life-threatening ventricular 

tachyarrhythmias include  electrophysiologi- 
cally directed antiarrhythmic drug therapy, mapping- 
guided ablation of the tachycardia substrate and im- 
plantable antiarrhythmic devices. The latter option has 
been implemented in many forms over the past 2 de- 
cades. Routine clinical application of such therapy was 
permitted in the United States in 1985 after demon- 
stration of reliable cardioversion and defibrillation of 
ventricular tachyarrhythmias by an implantable de- 
vice.!* Several clinical trials, although of an uncon- 
trolled nature, have demonstrated a very low incidence 
of sudden arrhythmic mortality after device implanta- 
tion in patients with sustained ventricular tachycardia 
(VT), ventricular tibrillation (VF) or prior cardiac ar- 
rest.2-© A single form of therapy is available in the ini- 
tially approved device—namely, high energy shocks. In 
patients with well-tolerated, hemodynamically stable 
VT, this often resulted in an unpleasant therapeutic in- 
tervention in a conscious patient. Absence of demand 
pacing capabilities often resulted in the need for im- 
plantation of 2 devices in 1 patient when bradyarrhyth- 
mias existed concomitantly with VT or VF. In an effort 
to overcome these limitations, significant efforts have 
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been undertaken to develop more sophisticated and uni- 
versally applicable antiarrhythmic devices. In this re- 
port, we describe our early clinical experience with | 
such device, the Medtronic model 7216A pacemaker 
cardioverter-defibrillator (Medtronic, Inc., Minneapo- 
lis, Minnesota). This versatile device was developed to 
(1) overcome the limitations of currently available 
nonprogrammable cardioverter-defibrillators, (2) per- 
mit sophisticated approaches to tachycardia recogni- 
tion, (3) allow individualized electrical therapy for such 
arrhythmias in a given patient, (4) provide rate support 
for bradycardias, (5) allow retention of tachycardia 
events in device memory for subsequent physician re- 
view, and (6) permit noninvasive tachycardia induction 
and termination. 


METHODS 

Patient selection: Patients were enrolled if 21 of 
the following selection criteria were fulfilled: (1) A his- 
tory of documented cardiac arrest or VF unrelated to 
transient or reversible clinical events as well as clinical 
and electrophysiologic evaluations suggesting that the 
patient was at risk for recurrent cardiac arrest, and (2) 
a history of sustained, drug-refractory VT. “Sustained” 
for the purposes of this study was defined as VT >30 
seconds in duration and “refractoriness” was defined as 
either spontaneous VT recurrence, induction of sus- 
tained VT at electrophysiologic study or intolerance of 
the antiarrhythmic agent. Patients were advised as to 
the nature of the study procedures and follow-up, and 
written informed consent for device implantation and 
all study procedures during hospitalization and follow- 
up was obtained. 

Exclusion criteria for this study were (1) supraven- 
tricular arrhythmias with rapid ventricular rates despite 
antiarrhythmic drug therapy; (2) VT or VF due to 
proarrhythmic effects of antiarrhythmic drugs; (3) VT 
or VF due to metabolic or electrolyte abnormalities, re- 
cent acute myocardial infarction or myocardial isch- 
emia; (4) frequent nonsustained VT or incessant sus- 
tained VT; (5) a projected life expectancy of <6 
months at the time of consideration of device therapy; 
and (6) unwillingness to comply with device follow-up 
procedures for medical or administrative reasons. 

Implantable pacemaker- cardioverter- defibrillator 
system: The implantable device system included a 
pulse generator (Medtronic model 7216A) and an epi- 
cardial or endocardial lead system. The device can be 
externally interrogated and programmed using a 
Medtronic model 9710 Programmer with a PCD™ 
Memorymod. The pulse generator is an implantable 
multiprogrammable device that permits automatic 
detection and termination of ventricular tachyar- 
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rhythmias, tachycardia induction with noninvasive pro- 
grammed stimulation, demand bradycardia pacing and 
telemetric evaluation of device parameters. Tachycar- 
dia detection is accomplished based on ventricular rate. 
The device monitors intervals between consecutive ven- 
tricular complexes and classifies them into 3 zones, de- 
fined by 2 preset intervals. These 3 zones comprise si- 
nus rhythm, VT or VF. Sinus rhythm is differentiated 
from VT by a tachycardia detection interval that can 
be programmed from 280 to 600 ms. Furthermore, this 
criterion can be further qualified by the additional re- 
quirement of sudden onset of the tachycardia detection 
interval or rate stability during the tachycardia. Both 
the sudden onset and the rate stability criteria can be 
programmed individually. Sudden onset criteria only 
trigger VT detection after an interval that is shorter 
than a programmed percentage of the 4 previously 
sensed intervals. This ranges from 56 to 97% of the 
average of these intervals. The stability criterion resets 
tachycardia detection whenever the detected interval 
differs from any of the 3 preceding RR intervals by a 
programmed duration that ranges from 10 to 150 ms. 
VF is detected by the device when the sensed RR inter- 
val is shorter than a programmed fibrillation detection 
interval that can be programmed from 240 to 400 ms. 
Detection of VF is based on rate alone. Detection of 
VT is accomplished when the programmed number of 
consecutive RR intervals falls below the programmed 
tachycardia detection interval. The programmed values 
for the number of consecutive intervals can range from 
4 to 128 and are selected on the basis of hemodynamic 
tolerance and patient perception of the tachycardia. 
Recognition of VF is accomplished when 75% of RR 
intervals in a series of consecutive beats are proved to 
be shorter than the programmed fibrillation detection 
interval. The series of consecutive intervals monitored 
occur in multiples of 6. The range of monitored inter- 
vals is from 8 to 64, with the resulting corresponding 
number of RR intervals required for fibrillation detec- 
tion ranging from 6 to 48. Episodes defined as VT by 
the device result in preparation for administration of 
the preselected electrical therapy but require reconfir- 
mation of tachycardia before delivery of such therapy. 
Episodes defined as VF by the device proceed to deliv- 
ery of such therapy without reconfirmation. An episode 
of VT or VF is considered terminated when 8 consecu- 
tive RR intervals fall outside the preselected VF or VT 
detection interval. 

Electrical therapies available for tachycardia termi- 
nation are stratified according to the recognized tachy- 
arrhythmia. VT can be terminated by programmed 
rapid pacing modes as well as by variable shock ener- — 
gies ranging from 0.2 to 34 J. VF therapy is accom- 
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plished by delivery of shock therapy alone, with ener- 
gies ranging from 0.2 to 34 J. VT or VF therapy can be 
accomplished by a series of electrical therapies with a 
maximum of 4 preselected settings in any series. Each 
therapy can be individually programmed. Pacing thera- 
py available for VT termination includes ramp or burst 
pacing modes. Both modes are adaptive pacing modes 
and are programmed at rates defined as a percentage 
of VT rate ranging from 50 to 97%. In the ramp pacing 
mode, the first interstimulus interval is at the selected 
adaptive rate and subsequent stimulation intervals are 
decremented according to preselected values ranging 
from 0 to 70 ms. The number of pacing stimuli in a 
given ramp can be programmed from | to 15 and can 
be repeated from | to 15 times in a given pacing thera- 
py. Similarly, burst pacing is programmed as an adap- 
tive rate, with the number of stimuli in a burst pro- 
grammable from 1 to 15 and the number of burst se- 
quences used programmable from | to 15 in a given 
therapy. 

The device delivers monophasic, truncated-exponen- 
tial shocks over dual or triple electrode configurations 
in an epicardial or endocardial location. Dual electrode 
configurations only permit a single-current pathway 
and can be programmed as single shocks. Triple elec- 
trode configurations permit dual-current pathways and 
can be programmed as simultaneous or sequential 
shocks. In a simultaneous shock, a single shock is deliv- 
ered concomitantly over both current pathways using a 
single common cathode and dual anodes. In sequential 
shocks, 2 separate shocks are delivered individually over 
each current pathway, temporally separated by an in- 
tershock interval of 0.2 ms. 

The device memory contains a summary of the 
number of VT and VF episodes with information re- 
garding individual therapies and their outcome. It 
maintains a record of the last episode of tachyarrhyth- 
mia with the detected RR intervals as well as the type 
of therapy administered and the most recent charge 
time, and permits interrogation of battery and circuit 
voltages. The sensed ventricular electrogram can be 
telemetered and a marker channel for sensed and paced 
events can be obtained. In addition, the device can be 
driven by the external programmer for noninvasive pro- 
grammed ventricular stimulation. 

The lead system uses a dual- or triple-electrode con- 
figuration for cardioversion-defibrillation and an inte- 
grated bipolar electrode configuration for pacing and 
sensing. The cardioversion-defibrillation electrodes con- 
sist of either oval epicardial spring electrodes with 3 
surface areas (30, 45, 60 cm?) or endocardial pacing 
and defibrillation catheter electrodes (Medtronic mod- 
els 6881, 6884) used in conjunction with a subcutane- 


ous patch electrode (Medtronic model 6895). The 
patch electrodes are placed intra- or extrapericardially 
over the epicardial aspect of the heart, whereas the en- 
docardial electrodes can be placed in the right ventricle 
and right atrium or coronary sinus, with the subcutane- 
ous electrode placed on the anterior or lateral left tho- 
rax epicostally. The sensing and pacing electrode con- 
sists of a single screw-in or stab-in standard epicardial 
electrode used in conjunction with an indifferent patch 
electrode for an integrated bipolar system. Dual-elec- 
trode configurations use a single cathode, consisting of 
either a patch electrode or a right ventricular endocar- 
dial electrode with a single anode located on the epicar- 
dium, the right atrium or the coronary sinus, respec- 
tively. Triple-electrode configurations use a single 
common cathode, consisting of either a lateral left ven- 
tricular patch electrode placed epicardially or a right 
ventricular endocardial electrode. The endocardial elec- 
trode (Medtronic model 6884) used in the right ventri- 
cle consists of a coiled spring catheter electrode with a 
surface area of 2.9 cm? and a diameter of 3.3 mm. 
Dual anodes were used, consisting of 2 epicardial patch 
electrodes or 2 endocardial electrodes (right atrium and 
coronary sinus), or 1 endocardial electrode (right atri- 
um or coronary sinus) and a subcutaneous patch elec- 
trode with a surface area 45 cm?. 

The external programmer (Medtronic model 9710) 
is a software-driven programmer with a wand that can 
be coupled to the pulse generator. It can program de- 
mand pacing, VT and VF detection, and VT and VF ` 
therapy; also, it uses a noninvasive triggered mode for 
electrophysiologic stimulation and telemetrically inter- 
rogates the device. Single-chamber demand ventricular 
pacing can be programmed for rate, pulse width, pulse 
amplitude, sensing thresholds and refractoriness. Tele- 
metric interrogation provides information about capaci- 
tor charge time, programmed parameters, tachycardia 
episode counters, last tachycardia therapy, and the sta- 
tus of the device battery. Electrophysiologic stimulation 
can be performed in a triggered mode using | to 3 ex- 
trastimuli or rapid burst pacing with manual or auto- 
matic decrements up to a minimal interstimulus inter- 
val of 100 ms. 

Electrophysiologic evaluation and device implanta- 
tion: The study design required entry of patients meet- 
ing inclusion criteria who were undergoing electrophysi- 
ologic evaluation before device implant. All patients 
underwent baseline electrophysiologic evaluation in a 
drug-free state. Surgical implantation of an epicardial 
lead system was accomplished by sternotomy or thora- 
cotomy using standard techniques. The endocardial 
electrode system was inserted from the left subclavian 
vein using previously described techniques. Two endo- 
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TABLE | Clinical Characteristics of Patients 


Age (yr) 


Pt. No. &Sex Diagnosis 


CAD, IWMI RSVT 
CAD, IWMI, S/P CABG & ER 

CAD, IWMI, S/P CABG & ER/laser ablation 
CAD 

CM 

HTN 


VHD, S/P AVR & MVR 


RSVT 


OONO ARUN 


IWMI, AWMI, CM 

AWMI, LV aneurysm, CABG 
CAD, CABG 

CAD, CABG, aneurysm 

CAD, CABG x2, resolved PT 
CM VF 


RSVT 
RSVT 


*Sudden cardiac death. 


Arrhythmia 


Sustained VT 


RSVT, VF 


Sustained VT 


RSVT, VF 
Sustained VT, atrial fib. 


CHF 
(FC 0—4) 


Prior Drug 


Presyncope Syncope Therapies LVEF (%) 


* 4 


* 


+ooo0°ceoe4++4+4+4oqo00044000 
KeMOWwWWHhhOWrhnNwN HP OW HO 


4. 
+ 
+ 
a 
0 
0 
+ 
0 
0 
0 
0 
4. 
re 
0 
+ 
0 


AVR = aortic valve replacement; AWMI = anterior wall myocardial infarction; CABG = coronary artery bypass graft surgery; CAD = coronary artery disease; CHF = congestive heart 
failure; CM = cardiomyopathy; ER = endocardial resection; FC = New York Heart Association functional class; fib. = fibrillation; HTN = hypertension; IWMI = inferior wall myocardial 
infarction; LV = left ventricle; LVEF = left ventricular ejection fraction; MVR = mitral valve replacement; PT = pulmonary thrombosis; RSVT = recurrent sustained ventricular 
tachycardia; S/P = status post; VF = ventricular fibrillation; VHD = valvular heart disease; VT = ventricular tachycardia. 


cardial electrode catheters were placed in the right ven- 
tricle, right atrium or coronary sinus. The subcutaneous 
patch electrode was placed on the anterior left thorax 
after selection of the optimal patch location based on 
external skin patch testing.> The details of the epicardi- 
al implantation technique and the endocardial electrode 
placement technique have been previously described.>- 
After lead placement, external cardioverter-defibrillator 
testing was begun using the Medtronic model 2394 ex- 
ternal pacemaker cardioverter-defibrillator. Sensing of 
ventricular electrograms was directly evaluated by re- 
cording the bipolar ventricular electrogram on the mul- 
tichannel display recorder or through the pacing system 
analyzer, or both. The minimal acceptable R-wave am- 
plitude during sinus rhythm was 5 mV. Oversensing at 
maximal sensing (0.3 mV) was evaluated during sinus 
rhythm in each patient. The minimal acceptable pacing 
threshold for chronic lead implant was 1.5 V at 0.5 ms 
pulse width. VF was induced using alternating current 
or pacing techniques and maintained for 210 seconds 
before delivery of the test shock. The initial test shock 
was 18 J in all patients. If successful, this shock energy 
could be maintained or decremented. Three consecutive 
successful ventricular defibrillations at energies <18 J 
were required for device implantation. The defibrilla- 
tion threshold was defined as the lowest successful ener- 
gy for VF termination. VT cardioversion threshold was 
tested in the same manner. 

After completion of the first 2 steps with external 
device testing, the implanted pulse generator was con- 
nected to the lead system. The implanted pulse genera- 
tor was placed in an abdominal, paraumbilical or sub- 
costal pocket after the lead system had been tunneled to 
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this location. The programmer wand activated the de- 
vice. The program parameters were selected based on 
external device testing and prior electrophysiologic eval- 
uation. VT and VF detection and treatment were acti- 
vated. VF or VT, or both, were then reinduced, and 
detection and reversion of the arrhythmia evaluated. In 
addition, successful VF termination by the first deliv- 
ered shock from the implantable device was required. 
Repeat termination was evaluated as feasible in individ- 
ual patients. After completion of the procedure, VT 
and VF detection was inactivated and all incisions were 
closed using standard surgical techniques. 

Follow-up: All patients underwent postoperative 
cardiac monitoring. This included continuous telemetric 
and, if indicated, ambulatory 24-hour electrocardio- 
graphic monitoring before discharge. Postoperative 
electrophysiologic evaluation was performed 5 to 14 
days after device and lead system implantation on the 
discharge drug regimen. Electrophysiologic evaluation 
included induction of VF and VT when feasible. Evalu- 
ation of the implanted device and lead system was per- 
formed using identical methods to the implantation. 
Reprogramming was performed, if indicated, with pro- 
grammable parameters. Inadequate performance with 
respect to sensing, pacing, VT/VF detection or rever- 
sion despite reprogramming mandated revision of the 
pulse generator and lead system or modification of the 
antiarrhythmic drug regimen. If the system perfor- 
mance was satisfactory, the device was activated and 
the patient was discharged. Outpatient clinic follow-up 
included clinic visits at 1 month and every 2 months 
thereafter. Each visit included a clinical evaluation, 
pulse generator interrogation for programmed param- 
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TABLE II Implant Observations 


Lead 
Pt.No. System 


No. of VF 
Inductions 


Shock 


Electrodes Pattern DFT (J) 


3 
Endo 3or2 


Epi 3o0r2 SQ/SI/S 
Epi 18 


all >18 


Epi 10/NA/NA 
Epi 10/NA/NA 


Epi 15 
Epi <4 
Epi 

Epi 

Epi 

Epi 


Epi 


>10 


>18/>18 


SI/SQ 18/15 


>18/> 18/15 


R-Wave 
Amplitude (mV) 


Surgical 
Approach 


Pacing 
Threshold (V) 


Subxiphoid 


Nonthoracotomy 

Left thoracotomy 

Left thoracotomy 

Subxiphoid 

Subxiphoid/median sternotomy 
Median sternotomy 

Median sternotomy 

Median sternotomy 


Median sternotomy 


Median sternotomy 


Median sternotomy 


Median sternotomy 


Left thoracotomy 
Left thoracotomy 


Nonthoracotomy 


Nonthoracotomy 
Left thoracotomy 


DFT = defibrillation threshold; Endo = endocardial; Epi = epicardial; J = joules; NA = not available; S = single unidirectional; SI = simultaneous bidirectional; SQ = sequential 


bidirectional; SVC = superior vena cava; other abbreviations as in Table |. 


eters, device activation, delivered therapy, ventric- 
ular pacing and sensing thresholds and tachycardia 
events. Twenty-four-hour ambulatory electrocardio- 
graphic monitoring was performed as indicated, for 
multiple device activations, e.g., or for potentially inap- 
propriate shock therapy. A late electrophysiologic eval- 
uation was performed 4 months after implantation to 
assess the chronic performance of the device and lead 
system. Standard electrophysiologic techniques were 
used for this procedure. System testing performed was 
identical to implantation and predischarge electrophysi- 
ologic evaluation. During follow-up, patients were in- 
structed to report spontaneous clinical events and asso- 
ciated symptoms (e.g., palpitations, syncope or presyn- 
cope) as well as any shock therapy. Analysis needed for 
reprogramming, outcome of spontaneous arrhythmic 
events and device performance was undertaken during 
a follow-up period up to October 31, 1990. 


RESULTS 

Patients (Table I): Sixteen patients (13 men and 3 
women, mean age 56 years) were entered into the 
study. Nine patients had coronary artery disease, 5 had 
dilated cardiomyopathy, 1 patient had valvular heart 
disease and the remaining patient had hypertensive 
heart disease. Presenting symptoms were sudden cardi- 
ac arrest in 4 patients, presyncope or syncope in 9 pa- 





tients, and exercise-induced palpitations and presyncope 
in 3 patients. Congestive heart failure was also present 
in 6 patients. Their mean left ventricular ejection frac- 
tion was 33% (range 15 to 53). Prior antiarrhythmic 
drug therapy ranged from 0 to 7 drug trials (average 
3.5). The presenting arrhythmia was recurrent sus- 
tained VT in 12 patients and VT in combination with 
VF in 4 patients. | 

implant observations (Table Il): All patients under- 
went successful implantation of the device without peri- 
operative mortality. The defibrillation lead system used 
3 patch electrodes in 14 patients (Figure 1) and 2 patch 
electrodes in 1 patient. A nonthoracotomy lead system 
consisting of right ventricular and superior venacaval 
leads and a subcutaneous left axillary patch was used in 
1 patient (no. 15) (Figure 2). VT and VF were induced 
in all patients. Simultaneous and sequential shock defi- 
brillation thresholds were comparable in 1 patient. Si- 
multaneous bidirectional shocks had a higher defibrilla- 
tion threshold in 6 patients and a lower defibrillation 
threshold in 2 patients, compared with sequential bidi- 
rectional shocks. In 1 patient, single unidirectional 
shocks were more effective than bidirectional simulta- 
neous or sequential shocks, applied epicardially or en- 
docardially. The triple-electrode lead system was best 
implanted by the median sternotomy, lateral thoracoto- 
my or subcostally. Patch electrode displacement oc- 
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curred in 2 patients by the subxiphoid approach. The 
mean epicardial ventricular pacing threshold at implan- 
tation was 0.9 + 0.2 V at 0.5-ms pulse width. In the 
patient with the endocardial lead, defibrillation thresh- 
old was lower for simultaneous bidirectional shocks 
than for sequential bidirectional or single unidirectional 
shocks (Table II). Tachycardia detection rates ranged 
from 340 to 470 ms for VT and from 270 to 330 ms for 
VF. The programmed sensing ventricular electrogram 
amplitude ranged from 0.3 to 0.6 mV. 

The implanted pulse generator terminated VF with 
the first delivered shock at maximal energy (34 J) in all 
patients. It was programmed to the sequential bidirec- 
tional shock mode in 11 patients, simultaneous bidirec- 
tional shock mode in 3 patients, and single unidirection- 
al shock mode in 2 patients. 

Postoperative complications: The postoperative in- 
hospital course was uneventful in 10 patients. Two pa- 
tients had patch electrode displacement after subxi- 
phoid insertion, requiring reoperation. A median ster- 
notomy incision was used in both patients and the patch 


aibi "y, 
nA 


amea a 





FIGURE 1. Chest x-ray (right lateral view) revealing triple epi- 
cardial electrode system. The left lateral patch electrode 
served as a common cathode with dual anodes (anterior and 
posterior electrodes). Two myocardial electrodes are present, 
1 of which is used for pacing and sensing. 
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electrode was repositioned successfully. Two patients 
developed a pneumothorax after subclavian vein punc- 
ture. In | patient this needed evacuation. Left lower 
lobe atelectasis occurred in 1 patient and transient ex- 
acerbation of preoperatively symptomatic congestive 
heart failure was observed in another. 

Postoperative electrophysiologic studies (Table Ill): 
Postoperative electrophysiologic studies were performed 
before hospital discharge in all 16 patients and success- 
fully used the device’s noninvasive stimulation feature 
in all 15 patients tested (Figure 3). Programmed elec- 
trical stimulation was used to induce monomorphic VT 
in 12 patients and rapid pacing techniques were used to 
induce VF in 14 patients. VF could not be induced with 
pacing techniques in 3 patients. Spontaneous VT/VF 
episodes occurred in | patient, obviating the need for 
electrophysiologic testing. Antitachycardia pacing alone 
was always successful in induced VT termination in 5 
patients, low-energy shocks were needed in 2 patients, 
high-energy shocks were needed in 3 patients, and com- 
bined therapy in 3 patients. The pacing mode pro- 
grammed was an adaptive ramp in 11 patients and 
burst pacing in 4 patients. The adaptive range was 72 
to 91% of VT cycle length and the length of pacing 
train ranged from 5 to 10 stimuli. Pacing sequences 
were repeated 2 to 5 times. Cardioversion shocks 
ranged from 0.6 to 34 J for VT termination and used 
the same shock pattern as for defibrillation in all pa- 
tients. Successful VF termination was demonstrated in 
all patients by the first 34-J shock. 

Clinical outcome (Table IV): During a follow-up pe- 
riod of 2 to 12 months (mean 6), there have been no 
arrhythmic or cardiac deaths. Two patients have died, 





FIGURE 2. Chest x-ray (postero-anterior view) revealing a 
nonthoracotomy endocardial lead system with a left axillary 
subcutaneous patch. Both right ventricular and superior vena- 
caval electrodes were introduced through the left subclavian 
vein. The right ventricular electrode (bipolar) is used for pac- 
ing and sensing and is a cathode for delivery of defibrillation 
shocks. 
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TABLE Ill Results of Postoperative Electrophysiologic Studies Induced Arrhythmia and Termination Mode 


Predischarge 
Method of 
VT Induction 





1 10J SQ shock 34) & 10J SQ shocks — — Invasive 
2 24J single shock 34J single shock 0 34J single shock Noninvasive 
3 Ramp pacing 34) SQ shock Ramp pacing 18J SQ shock Noninvasive 
4 Pacing & 18J SQ shock 18) SQ shock Pacing ineffective, 18J SQ shock Noninvasive 
10J SQ shock 
5 18J SQ shock 18) SQ shock 0 18J SQ shock Noninvasive 
6 Pacing Rx 18J SQ shock os Awaited — Noninvasive 
7 8J SM shock 18J SI shock -— Awaited — Noninvasive 
8 Not done due to successful — — Noninvasive 
spontaneous VT & VF 
termination using 
pacing & SQ shock 
9 Pacing 34J SQ shock — Awaited — Noninvasive 
10 Not done 24J SI shock — Awaited — Noninvasive 
11 Not done 34J SQ shock -— Awaited — Noninvasive 
12 Pacing & shock Rx, Not done 0.5J SQ shock, 34J SQ shock Noninvasive 
34J SQ shock pacing threshold high 
13 18J single shock 18J single shock — Awaited — Noninvasive 
14 Pacing Rx & 34J SQ shock Not tested — Awaited — Noninvasive 
15 Ramp pacing 18) SI shock — Awaited — Noninvasive 
16 Not done 34J SQ shock — Awaited — Noninvasive 


Rx = therapy; other abbreviations as in Tables | and II. 


| from progressive congestive heart failure (no. 3) and 
the other from a massive cerebrovascular accident (no. 
8). During hospitalization, the latter continued to have 
multiple VT and VF episodes terminated successfully 
by the implantable cardioverter-defibrillator system. 
One system was explanted because of pocket infection 
after institution of immunosuppressive therapy for pri- 
mary thrombocytosis. This patient continued to receive 
combination antiarrhythmic drug therapy with no 
VT/VF recurrence. Seven patients have had recurrent 
VT or VF. There were 96 slow VT episodes in these 7. 
Antitachycardia pacing was always successful in 3 pa- 
tients and frequently successful in 4 patients (Figure 4). 
Seventy-eight episodes (81%) were terminated by anti- 
tachycardia pacing. There were 27 rapid VT or VF 


FIGURE 3. Noninvasive induction of ven- 

tricular fibrillation (VF) using manual rapid 
ramp pacing. The tachycardia is sensed 

after induction at the cancel magnet com- 
mand and reverted by a 34-J sequential 

shock. Demand ventricular pacing (VVI) is 
used after reversion. |, aVF and V; = sur- 
face electrocardiographic leads; P = paced 
pulse on the device marker channel; RVA 
= right ventricular electrogram; S = stimu- 
lus artifact; VT = ventricular tachycardia. 


PPPP 
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episodes requiring shock therapy in 3 patients (Figure 
4). The initial cardioversion-defibrillation shock was 
successful in all patients. Eight patients continue to re- 
quire antiarrhythmic drug therapy. In 2 patients re- 
peated shocks (4 and 3, respectively) were delivered for 
asymptomatic tachycardias, In 1 patient it was proba- 
bly in response to a sinus tachycardia of 170 beats/min 
during sexual intercourse and in the other it was in re- 
sponse to an indeterminate tachycardia. Reprogram- 
ming the tachycardia detection rate and the addition of 
8 blocker therapy were undertaken. 

Increase in pacing thresholds using the epicardial 
lead system was observed in all 7 patients studied after 
2 months. The mean epicardial ventricular pacing 
threshold at 5.4 V was 0.11 + 0.02 ms at predischarge 
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TABLE IV Clinical Follow-Up and Outcome 


Follow-Up 
(mos.) 


Therapy 


Complications Delivered 


Delayed infection 

0 

0 

0 

Patch repositioned 
Patch repositioned 

0 

0 

0 

Lung atelectasis 
Transient CHF 

0 

0 

0 

Pneumothorax ( < 5%) 
Pneumothorax ( < 30%) 


l 
2 
3 
4 
5 
6 
7 
8 


e = ë = = 
YN OUN ONGO tU 0 0O WOO KF m 


Cycle Length 
VT/VF (ms) 


NA 

NA 

340—430/NA 
290-370/220-260 
360-390/NA 
290-370/NA 

NA 
330—400/250-290 
NA 

NA 

NA/280-320 
440—450/NA 
340—400/1 70-190 
NA 

NA 

NA 


Clinical Outcome 


System explanted 

No spontaneous Rx 
VT-P7, VT-S 2, VF 5* 
VT-P 10, VT-S 1, VF 3* 
VT-P 1 

VT-P 2 

No spontaneous Rx 

VT-P 52, VT-S 8, VF 14* 
No spontaneous Rx 

No spontaneous Rx 
Irregular tachycardia ?VF 2* 
VT-S 2 

VF 5, NCT-S 4* 

No spontaneous Rx 

No spontaneous Rx 

No spontaneous Rx 


Concomitant 
Antiarrhythmic Therapy 


Mexiletine 

0 

0 

Procainamide 

O 

Procainamide & mexiletine 
0 

Procainamide 
Procainamide 

O 

Mexiletine 

O 

Mexiletine & metoprolol 
Procainamide 

0 

Procainamide 


(chest tube inserted) 


*Required programming for inappropriate sensing or change in pacing rate. Patient no. 13 had 4 shocks for narrow complex tachycardia (NCT). 
NA = data unavailable; VF = number of ventricular fibrillation episodes terminated by shock therapy; VT-P = number of ventricular tachycardia episodes terminated by pacing 
therapy; VT-S = number of ventricular tachycardia episodes terminated by shock treatment; other abbreviations as in Tables | and Ill. 


CHRONIC ICD FUNCTION (MEDTRONIC 7216A) 
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FIGURE 4. Strips from Holter recording demonstrating termi- 
nation of spontaneous ventricular tachycardia (VT) (EPISODE 
I) by an adaptive ramp. During episode Il, the adaptive ramp is 
unsuccessful in terminating that tachycardia and results in an 
altered morphology (strip 2). The adaptive ramp is ineffective 
in termination of this new VT (strip 3), which is finally termi- 
nated by shock therapy (strip 4). ICD = implantable cardio- 
verter-defibriilator. 
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electrophysiologic testing and increased to 0.34 + 0.06 
ms at 3 months. Two patients demonstrated ventricular 
pacing during sinus rhythm at maximal pulse width but 
l failed to demonstrate 1:1 capture during rapid pacing 
for VT termination even after reprogramming. 

Late (26 months) electrophysiologic studies were 
performed in 6 patients reaching this follow-up mark. 
The results were concordant with predischarge testing 
in 4 patients. Reprogramming of discharge device pa- 
rameters was necessary in 5 patients. This was done for 
demand pacing in | patient, sensing for bradycardias, 
VT or VF in 1 patient, for antitachycardia pacing in 2 
patients and for cardioversion-defibrillation shocks in 1 
patient. Rehospitalization for frequent VT or VF was 
necessary for 1 patient. Exacerbation of congestive 
heart failure was noted at this time. Failure of sponta- 
neous VT termination was observed, due to either a 
slower rate of the spontaneous episode than the pro- 
grammed detection rate (1 patient) or an increase in 
pacing threshold with failure of ventricular capture dur- 
ing antitachycardia pacing (2 patients). Reprogram- 
ming addressed both clinical events. 


DISCUSSION 

Initial clinical experience with this new generation 
of the implantable cardioverter-defibrillator suggests 
that independent detection of ventricular tachyarrhyth- 
mias stratified by rate, demand, antitachycardia pacing 
therapy, event monitoring and noninvasive cardiac 
stimulation can be incorporated with conventional car- 
dioversion-defibrillation therapy in a single implanted 
pulse generator. Each of these features has been inde- 
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pendently evaluated in previous acute studies and many 
of these have been previously present in antitachycardia 
pacemakers.”8 Two previous devices contained limited 
tiered electrical therapy.? Acute and subacute clinical 
experience in this study can evaluate some of these fea- 
tures. Prior studies have indicated that clinical symp- 
toms, hemodynamic stability and response to antitachy- 
cardia pacing depend on VT cycle length.!°-!? Slower 
VT (<200 to 220 beats/min) is amenable to pacing 
termination using ramp or burst modes and is more 
likely to be nonsyncopal and hemodynamically stable. 
Thus, electrical therapy prescriptions stratified by this 
criterion have appeared reasonable. Staged electrical 
therapy, particularly for slower VT episodes, has even 
been acutely tested in patients undergoing electrophysi- 
ologic studies.!3!4 Our present experience suggests that 
pacing therapies are an invaluable element in such a 
prescription. They are painless and terminated 81% of 
all VT recurrences without overt clinical symptoms 
emerging before arrhythmia termination. Shock thera- 
py was avoided. However, better patient tolerance for 
electrical therapy can be anticipated, with improved 
quality of life.!5 In contrast, rapid VT/VF was termi- 
nated only by shock therapy. Such electrical therapy 
prescriptions had similar short-term efficacy and safety, 
compared with the currently approved implantable car- 
dioverter-defibrillator systems.” Defibrillation thresh- 
olds using triple epicardial electrode systems have been 
reported to be lower in animal studies, but human stud- 
ies have been controversial.!® In our study, they were 
comparable to reported values for dual epicardial elec- 
trode systems. However, subxiphoid incisions may not 
be desirable for such implants. Although the number of 
subjects and clinical considerations precluded paired 
evaluation of all possible different shock patterns, re- 
producible cardioversion-defibrillation could be demon- 
strated during acute and subacute testing with such bi- 
directional shocks. The need for bidirectional shocks as 
opposed to unidirectional shocks is not resolved by our 
data. 

Epicardial pacing and sensing, however, raised spe- 
cific concerns. Epicardial sensing during sinus rhythm 
and VF has been reported to deteriorate and to require 
reprogramming, lead replacement or repositioning. In 
our experience, VF sensing, however, was maintained 
satisfactorily at threshold settings ranging from 0.3 to 
0.6 mV. Since a common ventricular electrogram am- 
plitude value was used for sensing in sinus rhythm and 
VF, failure to sense in either rhythm was not observed. 
Thus, reprogramming of sensing signal amplitude was 
not necessary. However, pacing thresholds tripled over 
an 11-week period, with intermittent failure to pace at 
rapid rates occurring in | patient. Reprogramming 


pacemaker stimulus amplitude usually prevented this 
problem in all but 1 patient. Demand and antitachycar- 
dia pacing had to be inactivated due to a threshold in- 
crease in | patient 3 months after implantation. Low- 
energy shocks (0.6 to 2.0 J) were programmed instead 
as VT therapies and successfully cardioverted induced 
VT in this patient. VF sensing is also impaired if pro- 
grammable values for signal amplitude are limited to 
>1.0 mV and this can result in delay or failure of deliv- 
ery of therapy. Revision to an endocardial lead usually 
resolves this problem. We previously suggested that en- 
docardial leads are preferred for pacing and sensing in 
hybrid pacemaker cardioverter-defibrillator pulse gen- 
erators.'4 This report confirms this impression for an- 
other device in this category. Highly programmable 
pulse generators are also valuable for resolving such 
complications during follow-up. 

In our experience, noninvasive induction of VT or 
VF, or both, was feasible in all patients in whom it was 
used (15 of 16 patients). This parameter obviated the 
need for invasive electrophysiologic stimulation for de- 
vice evaluation, confirming prior experience with anti- 
tachycardia pacemakers. Furthermore, spontaneous 
and induced VT/VF event rates were similar, permit- 
ting correlation with symptoms. It also confirmed clini- 
cal expectations that slower VT episodes are less likely 
to be associated with syncope and frank cardiac ar- 
rest.!2 However, these early data also indicate that in 
selected patients without syncopal VT preoperatively, 
syncope and cardiac arrest were observed with sponta- 
neous recurrences during follow-up. 

Pulse generator longevity and long-term device sys- 
tem performance cannot be evaluated from our study. 
Continued evaluation and follow-up will be necessary 
for this purpose. Clinical efficacy and safety during 
short-term follow-up appears comparable to currently 
approved systems. Finally, this new system does have 
the potential to improve patient comfort with electrical 
therapy and to permit individualized electrical therapy 
prescriptions. However, the impact of this therapy on 
long-term cardiac mortality must await controlled tri- 
als. 
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Frequency and Mechanism of Bradycardia in 
Cardiac Transplant Recipients and 
Need for Pacemakers 


Aria DiBiase, MD, Tak-Ming Tse, MD, Ingela Schnittger, MD, Lewis Wexler, MD, 
Edward B. Stinson, MD, and Hannah A. Valantine, MD 


Orthotopic cardiac transplantation is occasional- 
ly complicated by unexplained bradyarrhyth- 
mias. Sinus node injury as a consequence of op- 
eration or acute rejection has anecdotally been 
linked to the development of bradycardia early 
after transplantation. These arrhythmias are em- 
pirically managed by pacemaker implantation, 
the indications for which remain poorly defined. 
This retrospective study examined the 20-year 
experience of our institution with bradyarrhyth- 
mias after transplantation to determine the pre- 
disposing factors and indications for pacemaker 
implantation. Forty-one of 556 patients in our 
cardiac transplant program (7.4%) received per- 
manent pacemakers between 1969 and 1989. 
The predominant rhythm disturbances were 
junctional rhythm (46%), sinus arrest (27%) and 
sinus bradycardia (17%). Most patients were 
asymptomatic (61%), and presented in the early 
post-transplant period (73%). Four possible pre- 
disposing factors were evaluated: (1) graft isch- 
emic time, (2) rejection history, (3) use of brady- 
cardia-inducing drugs, and (4) anatomy of blood 
supply to the sinoatrial (SA) node. No significant 
differences existed between patients with and 
without pacemakers with regard to the first 3 
variables. However, after transplantation angio- 
grams showed that prevalence of abnormal SA 
nodal arteries was greater in patients with than 
without pacemakers (p <0.02). Pacemaker fol- 
low-up at 3, 6 and 12 months showed persistent 
bradycardia (60 to 90 beats/min) in 88, 75 and 
50% of patients, respectively. The most common 
pacemaker complication (15%) was lead dis- 
placement at time of biopsy. These results sug- 
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gest that disruption of the SA nodal blood supply 
may be an important predisposing factor in the 
development of bradycardias. 

(Am J Cardiol 1991;67:1385-1389) 


ardiac transplant recipients have had a variety 
{ of arrhythmias.!~? Bradyarrhythmias are usu- 

ally attributed to sinus node dysfunction,*~® the 
mechanisms of which remain poorly understood, al- 
though rejection and perioperative ischemia have been 
suggested.+° These arrhythmias are sometimes tran- 
sient and asymptomatic, but occasionally require per- 
manent pacemaker implantation. The indications for 
permanent pacemaker implantation in patients with 
transplantation have yet to be described and may differ 
from those for patients without transplantation. The 
objectives of this retrospective review were: (1 ) to deter- 
mine the incidence of pacemaker implantation in a 
transplanted population; (2) to review the clinical pre- 
sentations of the arrhythmias and clinical characteris- 
tics of these patients; (3) to examine the indications for 
pacemaker placement; and (4) to investigate possible 
predisposing factors leading to bradyarrhythmias, in- 
cluding graft ischemia time, incidence and severity of 
rejection, use of medications, and angiographic integri- 
ty of the sinoatrial (SA) nodal artery. In patients for 
whom pacemaker follow-up is available, long-term un- 
derlying rhythm and pacemaker complications are de- 
scribed. 


METHODS 

Patient data: The transplant database of our institu- 
tion from 1969 to 1989, records of our pacemaker clin- 
ic, and cross-referenced medical records data were used 
to identify patients who received both cardiac trans- 
plantation and permanent pacemaker implantation. 
Their medical records and transplant flow sheets were 
reviewed to determine the patient’s diagnosis before 
transplantation, age at transplantation, interval between 
transplant and index arrhythmia, type of bradyarrhyth- 
mia, type and severity of symptoms associated with the 
arrhythmia, and type and duration of rate support 
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(both pacing and pharmacologic) after operation. The 
types of bradyarrhythmia leading to consideration of 
pacemaker placement included junctional rhythm de- 
fined as a narrow complex rhythm with rates as low as 
35 beats/min with inapparent or retrograde atrial ac- 
tivity, sinus arrest defined as intermittent or absent si- 
nus mechanism with pauses of >2 seconds, and sinus 
bradycardia with regular, donor sinus activity at rates 
<60 beats/min. We then investigated potential predis- 
posing factors, including use of atrioventricular (AV) or 
SA nodal blocking agents, graft ischemia time, inci- 
dence and severity of graft rejection, and proximity of 
rejection episode to the index arrhythmia. Pacemaker- 
related data included the date of pacemaker implanta- 
tion, type of pacemaker system used and perioperative 
complications. For a subset of patients, long-term pace- 
maker follow-up was available. The underlying rhythm 
at 3-, 6- and 12-month follow-up visits was recorded 
and pacemaker-related symptoms or complications 
were noted. For patients receiving follow-up care post- 
pacemaker implantation at distant centers, the afore- 
mentioned information was sought from local physi- 
cians. For patients who died, the date and cause of 
death were determined. 

Angiographic data: Routine early post-transplant 
(initial 6 weeks) coronary arteriography has been per- 
formed on cardiac transplant recipients at our institu- 
tion since 1986. All patients have undergone yearly sur- 
veillance angiography for graft atherosclerosis since 
1980. One or more of each patient’s angiograms, when 


FIGURE 1. Right coronary injection of a transplanted heart 
(patient without pacemaker) showing the sinoatrial nodal ar- 
tery originating from the proximal right coronary artery, 
forming a complete loop. 
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available, were reviewed by 2 angiographers to examine 
the anatomy of the SA nodal artery as a possible pre- 
disposing factor in the development of bradycardia. 
The SA nodal artery originates from either the right 
coronary artery (55 to 65%) or the left circumflex coro- 
nary artery (35 to 45%).’ When arising from the right 
coronary artery, it traverses the interatrial septum and 
over the anteromedial wall of the right atrium toward 
the superior vena cava.’ When arising from the circum- 
flex, 2 major anatomic variants have been described: 
(1) the left sinus node artery arising from the proximal 
portion of the vessel, ascending the anterior wall of the 
left atrium through the interatrial muscle bundle; and 
(2) the posterior sinus node artery arising from the 
midportion of the circumflex, proceeding intramurally 
through the interatrial muscle bundle.? From either 
vessel of origin, the SA nodal artery reaches the SA 
node at the junction of the superior vena cava and right 
atrium and then bifurcates, forming a loop around 
the superior vena cava, thus providing circulation to 
the SA node. Arteries having this bifurcation and 
loop-like branches were considered normal (Figure 1). 
Arteries that (1) failed to extend to the superior vena 
caval/right atrial junction of the donor heart, (2) failed 
to bifurcate, or (3) had other abnormalities such as ec- 
tasia or fistula, were considered abnormal (Figure 2). 
A group of 34 control angiograms of transplant pa- 
tients not requiring pacemakers was prospectively col- 
lected between January and September 1989. Sixteen 
of 34 (47%) of these were performed just before dis- 





FIGURE 2. Left coronary injection of a transplanted heart 
(pacemaker patient) with the sinoatrial nodal artery originat- 
ing from the circumflex, demonstrating ectasia of the distal si- 
noatrial nodal artery. 
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charge after transplantation; the remaining patients un- 
derwent repeat yearly arteriography a mean of 4.3 
years after transplantation (range | to 10 years). This 
range is wider and longer than that of the pacemaker 
group, in which angiograms were recorded before dis- 
charge in 45% of patients (9 of 20) and an average of 
2.3 years after transplantation (range 1 to 5 years) in 
the rest. Each of the 2 groups includes 2 patients whose 
studies were performed after retransplantation. Identi- 
cal operative and graft preservation techniques were 
used in pacemaker and control patients. 

Statistical methods: Chi-square analysis was used to 
evaluate differences between pacemaker and nonpace- 
maker groups; a p value <0.05 was accepted as statisti- 
cally significant. 


RESULTS 

Patient characteristics: Of the 556 patients under- 
going cardiac transplantation at our hospital between 
1969 and October 1989, 41 (7%) received pacemakers. 
The patients receiving pacemakers at transplantation 
had a mean age of 44 years (range 3 to 60). The diag- 
nosis before transplantation was coronary artery disease 
in 49%, dilated cardiomyopathy in 32%, congenital 
heart disease in 5%, and miscellaneous cardiac disease, 
including valvular heart disease, sarcoid heart disease 
and adriamycin cardiotoxicity in the remaining 14%. 
Donor age was not significantly different in the pace- 
maker versus control group (28 + 13 vs 30 + 15 years, 
respectively ). 

Index arrhythmias: In 46% of patients the index ar- 
rhythmia was junctional rhythm. In most cases, the di- 
agnosis was aided by the ability to demonstrate normal 


FIGURE 3. a), recipient atrial p waves (ar- 
rows) at a rate of 108 beats/min and do- 
nor junctional rhythm at between 30 and 
35 beats/min with no evidence of atrioven- 
tricular conduction. b), atrial pacing arti- 
facts (arrows) pacing the donor atrium at 
90 beats/min with atrial capture and in- 
tact atrioventricular conduction. 


AV nodal conduction with atrial pacing (Figure 3). 
Twenty-seven percent had sinus arrest and 17% had 
sinus bradycardia. Four patients (10%) had a variety of 
rhythm disturbances: 1 had complete heart block, 1 
had high-grade second-degree AV block, and 2 had 
slow, irregular rhythms with undefinable atrial mecha- 
nisms or indeterminate AV nodal conduction. Arrhyth- 
mia was diagnosed on bedside monitor or rhythm strip 
in 60% of patients; only 20% underwent 24-hour Holter 
monitoring. Electrophysiologic testing was used to diag- 
nose and characterize arrhythmias in 3 patients. 

Most patients (61%) were asymptomatic. Approxi- 
mately half (17% of the total number) of the symptom- 
atic patients had mild symptoms, defined as fatigue or 
mild orthostatic dizziness. The remaining patients (22% 
of the total) had severe symptoms with near or frank 
syncope. One patient underwent post-transplant exer- 
cise testing to assess symptoms; with exercise she dem- 
onstrated chronotropic incompetence with mild fatigue. 
In most patients (73%) the index arrhythmia was seen 
in the early postoperative period, i.e., during the initial 
45 days after transplantation. The rest presented an av- 
erage of 11.8 months (range 1 to 25) after transplanta- 
tion. 

Almost all transplant patients require rate support 
in the early postoperative period. They are supported 
with isoproterenol or backup atrial, ventricular or dual- 
chamber pacing for periods of 2 to 5 days. Information 
on the duration of rate support was available for 23 of 
30 patients who required early pacemaker implantation 
(during the transplant hospital admission). In all 23, 
rate support of 1 or more types was used for at least 1 
week after transplantation (average 17.8 days, range 7 
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to 39). Of the 11 patients who presented with late brad- 
yarrhythmias (>1 month after transplantation), data 
on rate support immediately after transplantation were 
available for only 7, of whom 3 had bradycardia early 
after their operation. Two of these patients required 
prolonged rate support (10 and 11 days). 

Possible predisposing factors: 

1. The donor heart ischemia time (available for 37 
of the 41 patients) was determined from operative notes 
and the transplant data base. Mean ischemic time was 
125 + 56 minutes, not significantly different from that 
for the remaining transplant population (128 + 59 
minutes ). 

2. Graft rejection was assessed by endomyocardial 
biopsy specimens, graded according to standard histo- 
logic features of rejection,!? and performed within a 2- 
week period surrounding the date of pacemaker im- 
plantation. The incidence of concomitant rejection was 
low in this patient group: 29 (76%) had none (n = 21) 
or mild (n = 8) rejection and only 9 (24%) had rejec- 
tion requiring treatment (9 moderate, 0 severe). The 
rejection incidence documented in this group of patients 
does not differ from that of transplant patients not re- 
quiring permanent pacemaker implantation. 

3. Twenty-nine patients (72%) did not receive po- 
tential AV or SA nodal blocking agents in the early 
post-transplant period. There were 6 patients (15%) in 
whom digoxin was used to treat tachyarrhythmias, 
and 5 patients (13%) received 8 blockers or calcium 
blockers. The drugs could not be confirmed as the 
cause of bradyarrhythmia in any of these cases; how- 
ever, in | patient an elevated serum level of digoxin was 
temporally related to the bradyarrhythmia. At perma- 
nent pacemaker implantation, all these medications had 
been discontinued for >27 days. No patient took amio- 
darone before transplantation. 

4. Finally, we examined the angiographic integrity 
of the SA nodal artery. Of the 41 patients with pace- 
makers, 27 had angiograms available for analysis, and 
appropriate views were available in 20. In the control 
group of transplant patients, 57 angiograms were re- 
viewed, 34 of which had adequate views of the SA nod- 
al artery. The angiograms showed that 6 of 20 (30%) 
in the pacemaker group had abnormal SA nodal arter- 
ies, compared with 2 of 34 (6%) in the control group. 
This difference was statistically significant (p <0.02). 
Subset analysis of SA nodal arteries in predischarge an- 
giograms only (16 control and 9 pacemaker patients) 
revealed no significant difference in the prevalence of 
abnormality in these groups (2 of 16 vs 4 of 9, p = 0.10 
by Fisher’s exact test). 

Pacemaker data: A ventricular lead for permanent 
pacing was placed in all 41 patients; initial postimplan- 
tation rate settings varied according to the usual criteria 


of underlying rate. In 15 patients, an activity-triggered 
rate-responsive pacemaker was used. 

At the time of follow-up each patient’s underlying 
rhythm was categorized as sinus rhythm, sinus tachy- 
cardia >90 beats/min, junctional rhythm, sinus arrest, 
sinus bradycardia or atrial fibrillation. In the experience 
of our institution, documented by others,!! heart rate in 
the absence of rejection in patients not requiring pace- 
makers is 89 + 12 beats/min. Therefore, patients with 
sinus rhythm of only 60 to 90 beats/min were included 
in the group having persistent bradycardia. Long-term 
pacemaker follow-up was unavailable owing to death 
during the initial 6 months in 3 patients or to inade- 
quate information from referral centers in the remain- 
ing patients. At 3 months, follow-up was available in 
61% (25 of 41) of patients, 21 of whom (84%) had 
persistent bradycardia. At 6 months, follow-up was 
available for 16 of 20 patients (49%), 13 of whom 
(75%) had persistent bradycardia. At 12 months fol- 
low-up was available for only 14 of 41 (34%), 8 of 
whom (57%) had persistent bradycardia. Long-term 
pacemaker follow-up was not available owing to death 
during the initial 6 months in 3 patients and to inade- 
quate follow-up in the remaining patients. Actuarial 
survival at 1 and 5 years after transplantation was simi- 
lar in the pacemaker and control groups (85 vs 84% 
and 70 vs 65%, respectively). 

There have been relatively few pacemaker problems 
in this group. The most frequent, lead displacement as 
a result of endomyocardial biopsy specimens, has oc- 
curred 5 times in 4 patients, with an additional instance 
of lead fracture not definitely related to biopsy. This is, 
at most, a rate of 15% of patients with biopsy-related 
complications. Other complications have been pocket 
infection (n = 1), early battery failure (n = 1), and 
mild diaphragmatic or pectoral pacing (n = 3). Four- 
teen deaths occurred from complications of transplant 
atherosclerosis, rejection or infection; 2 patients died 
suddenly despite having a pacemaker in place. No 
death has been clearly attributable to pacemaker fail- 
ure or pacemaker-related complications. 


DISCUSSION 

We found pacemaker implantation to be uncommon 
but not rare in cardiac transplant recipients at our insti- 
tution (7% in this series). The index arrhythmia indi- 
cated sinus node dysfunction in most patients. Most 
patients were asymptomatic or mildly symptomatic. 
These patient characteristics confirm previous reports 
of a relatively high incidence of junctional rhythm and 
SA node dysfunction in cardiac transplant patients.3~> 
Bexton et al*!? reported electrophysiologic abnormali- 
ties in a subset of transplant patients, which included 
abnormal SA node recovery times, corrected SA node 
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recovery times, SA conduction times and secondary 
pauses. Mason and Harrison!? also noted bradyar- 
rhythmias and postulated that junctional rhythm may 
occur at a lesser degree of bradycardia as a result of 
withdrawal of vagal influence, which may account for 
the prevalence of junctional rhythm in this series. Ma- 
son and Harrison!3 gave 3 possible causes: SA node 
injury during the procedure, rejection and atherosclero- 
sis. Mackintosh et al* found that SA node dysfunction, 
as indicated by an abnormal SA node recovery time, 
could not be correlated with ischemia time of the donor 
heart or with degree of rejection. 

We investigated 4 potential predisposing factors for 
development of bradycardia in patients with transplant. 
Of these, 3 seemed not to be implicated: (1) We found 
no correlation between graft ischemia time and brady- 
cardia. (2) The documented low incidence of rejection 
in these patients is characteristic of the usual early post- 
transplant course and therefore cannot be separately 
identified as a direct cause of bradyarrhythmias. (3) 
The infrequent use of AV and SA nodal blocking 
agents also suggests that they are unlikely causes of 
most of these rhythm disturbances. However, angio- 
graphic data confirmed that injury to the SA node as a 
result of interruption or disruption of the SA nodal ar- 
tery or its collaterals may be an important underlying 
reason for SA node dysfunction. The mean time after 
transplantation in the control patients who underwent 
angiography was somewhat longer (4.3 vs 2.3 years) 
than the pacemaker group. However, because the need 
for pacemaker implantation is declared quite early in 
the post-transplant course, long-term complications af- 
ter transplantation complications such as coronary dis- 
ease would seem unlikely predisposing factors for pace- 
maker requirement. The predominance of SA node-re- 
lated bradycardias in preference to AV block may 
further support the hypothesis that disruption of the SA 
nodal blood supply leads to bradycardia, even in pa- 
tients without angiographically detectable abnormali- 
ties. 

The indications for pacemaker implantation in this 
group clearly differ from the strict indications defined 
by Medicare.'* In particular, the percentage of asymp- 
tomatic patierits receiving pacemakers is high, due in 
large part to early experience at our institution with 2 
unexplained sudden deaths. Because patients with 
transplants may have a less reliable escape rhythm 
mechanism due to loss of autonomic influences,* and 
because our data do suggest persistent bradycardia in 
patients with pacemakers, we have evolved a cautious 
approach to this problem. All patients were given ven- 
tricular leads despite the relatively low incidence of AV 
nodal block, because of the perceived safety, efficacy 


and ease of ventricular pacing. Other investigators have 
described a variety of pacing systems that provide AV 
synchrony. !>-!7 

In summary, the cause of bradyarrhythmias in re- 
cipients of heart transplants is most likely multifactori- 
al, often with several influences imposed on an initial 
insult to the blood supply of the SA node. In individual 
patients, the combined effects of loss of autonomic con- 
trol, rejection, medications and SA node injury may 
differ. The uncertain long-term risks of these arrhyth- 
mias warrant a cautious approach, with early place- 
ment of a simple ventricular pacing back-up system. 
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CONGENITAL HEART DISEASE 


Ventricular Function in the Single Ventricle 
Before and After Fontan Surgery 


Sanjay R. Parikh, MD, Roger A. Hurwitz, MD, Randall L. Caldwell, MD, and Donald A. Girod, MD 





To better delineate the importance of ventricular 
function in patients with a single ventricle and 
assess its relation to outcome after the Fontan 
procedure, 47 patients with a single ventricle 
were studied. Ventricular ejection fraction was 
estimated by radionuclide angiocardiography. 
Before Fontan surgery, ejection fraction was 
0.57 + 0.10 (mean + standard deviation). This 
differed significantly from the normal mean left 
ventricular ejection fraction of 0.68 + 0.09 (p 
<0.001) derived in our laboratory by radionu- 
clide angiocardiographic methods. Age, ventricu- 
lar morphology and the presence of pulmonary 
artery band or systemic to pulmonary artery 
shunts had no statistical relation to ventricular 
ejection fraction in patients with a single ventri- 
cle. Serial preoperative evaluation in 15 patients 
over 3.8 + 1.3 years revealed no significant 
change in ventricular ejection fraction; however, 
increased atrioventricular valve regurgitation 
was documented in 4 of these 15. Modified Fon- 
tan procedure was performed in 24 of the 47 
study patients; 7 have died, 1 has undergone 
cardiac transplantation and 1 faces possible 
transplantation. No difference was noted in pre- 
operative ejection fraction between survivors and 
nonsurvivors. Ventricular morphology, age at 
Fontan surgery and operative factors such as 
bypass and cross-clamp time were not related to 
functional outcome. Preoperative ejection frac- 
tion of 0.52 + 0.08 decreased to 0.39 + 0.11 (p 
<0.001) when evaluated 1.16 + 0.44 years after 
Fontan surgery. In patients with a single ventri- 
cle (1) ventricular ejection fraction is less than 
that of the normal systemic ventricle; (2) during 
childhood, ejection fraction is not related to age 
or ventricular morphology; and (3) ventricular 
ejection fraction frequently decreases after a 
Fontan repair. Thus, long-term studies of clinical 
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course and ventricular function are essential be- 
fore altering recommendations for pursuing the 
Fontan repair. 

(Am J Cardiol 1991;67:1390-1395) 


procedure for tricuspid atresia,! modifications of 

the Fontan principle have been applied to the 
surgical treatment of complex congenital heart disease 
such as the single ventricle or univentricular heart.?-° 
Various indexes have been used to characterize the con- 
tractile function of the single ventricle before and after 
surgical procedures to assess operability and hemody- 
namic success.”~!© Abnormalities in ventricular contrac- 
tile function have been shown after the Fontan proce- 
dure.” However, no systematic attempt has been 
made to evaluate serial changes in ventricular contrac- 
tile function before the Fontan procedure and to com- 
pare function with outcome after Fontan surgery. In 
this report, we present our experience with (1) effects 
of age and ventricular morphology on ventricular ejec- 
tion fraction, (2) serial evaluation of ejection fraction 
before Fontan surgery, (3) a comparison of ventricular 
ejection fraction in the single ventricle before and af- 
ter Fontan surgery, and (4) the relation between ven- 
tricular ejection fraction and the outcome of Fontan 


surgery. 


S ince Fontan’s first description of an operative 


METHODS 

Patients: The study group consisted of 47 patients 
diagnosed as having a single ventricle by cineangio- 
graphic and echocardiographic criteria who survived 
beyond infancy and were followed over the last 20 years 
at Indiana University Hospitals. Single ventricle was 
defined as a condition in which 2 atrioventricular valves 
or a single atrioventricular valve emptied into a single 
functional ventricle, in accordance with morphologic 
criteria for double-inlet ventricle defined by Anderson 
et al.'’ Some patients had rudimentary septation or an 
outflow chamber. Arrangement of the great vessels was 
variable. Patients who had tricuspid atresia but no asso- 
ciated dextrocardia, malposition of atrial appendages or 
abnormalities in pulmonary venous return were consid- 
ered to have classic tricuspid atresia and were excluded 
from this study. Twenty-four of the 47 patients (20 
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boys, 4 girls) have undergone Fontan surgery over 
the last 8 years at an age of 5.5 to 20 years. Ade- 
quate ventricular function (preoperative ejection frac- 
tion 20.40) was one criterion for selection as a surgical 
candidate. Ventricular end-diastolic pressure was <8 
mm Hg in 22 of 24 patients and 10 and 14 mm Hg in 
the other 2 patients who had the Fontan procedure. 
Pulmonary resistance index was <3 U in all patients 
who underwent operation. Morphologic data describing 
ventricular type, function and degree of atrioventricular 
valve regurgitation were obtained from cineangiograms 
and operative notes. 

Based on the most recent clinical appraisal, we have 
divided the patients into 3 groups: group 1 comprised 7 
patients with good effort tolerance (New York Heart 
Association class I or II) and no significant postopera- 
tive arrhythmias; group 2 comprised 8 patients with 
good effort tolerance but with significant arrhythmias 
requiring multiple pharmacologic agents; group 3 com- 
prised 9 patients with poor effort tolerance or patients 
who have died or undergone transplant since their Fon- 
tan surgery, or both. One of these, who had apparently 
good ventricular function, died suddenly, possibly as a 
result of severe arrhythmia and drug interaction, and 3 
patients died during the immediate postoperative peri- 
od. Follow-up of the other 20 patients ranged from 6 
months to 8 years (mean 2.2 years, median 1.5 years). 
One of the 2 patients with preoperative ventricular end- 
diastolic pressure >8 mm Hg is in group 3; preopera- 
tive ejection fraction was 0.60. The other patient with 
relatively high ventricular end-diastolic pressure is in 
group 2. 

Radionuclide angiocardiography: Ejection fraction 
was estimated by radionuclide angiocardiography in 
all patients, studied at rest, during wakefulness and 
without sedation. Ejection fraction was determined 
from equilibrium ventriculography after injecting 0.200 
mCi/kg of technetium-99m labeled to the patients’ red 
blood cells. Imaging was done in the left anterior 
oblique projection using a steep caudal tilt to help sepa- 
rate ventricular from atrial activity. Stroke volume, 
paradox and phase images were created to define 
chamber boundaries. Each ventriculogram was also ex- 
amined in a cine-like mode (endless loop format) to 
examine global and segmental wall motion. Ejection 
fraction was calculated by standard techniques.'® Pa- 
tients were studied between 6 months and 19 years of 
age. Radionuclide angiocardiograms were obtained 8 
months to 2 years after Fontan surgery. 

Statistical analysis: Data are expressed as mean + 
1 standard deviation. Student’s paired ¢ test or the Wil- 
coxon rank sum test was used for comparison; p <0.05 
was considered statistically significant. Ejection fraction 
values at rest were compared between patients with a 
single ventricle and those with a normal systemic left 





ventricle. Patients with a single ventricle were grouped 
according to their ventricular morphology and the pres- 
ence of pulmonary artery band or systemic to pulmo- 
nary shunt, and ejection fraction values were com- 
pared between groups. Paired ejection fraction values 
obtained before and after Fontan surgery were also 
compared. 


RESULTS 

Ventricular function before Fontan procedure: Ejec- 
tion fraction in the 47 patients before open heart 
surgery was 0.57 + 0.10 (range 0.38 to 0.78). This is 
significantly less (p <0.001) than the normal left ven- 
tricular ejection fraction of 0.68 + 0.09 from our labo- 
ratory. Ejection fraction in 29 patients with a morpho- 
logic left ventricle was 0.56 + 0.11 (range 0.40 to 0.78) 
and in 18 patients with a morphologic right ventri- 
cle/indeterminate ventricle was 0.58 + 0.09 (range 
0.38 to 0.77). No relations were seen among age, ven- 
tricular type and ejection fraction in the 47 patients 
(Figure 1). 

No significant change in ejection fraction was seen 
preoperatively in 15 patients who had serial estimation 
of ejection fraction over 3.8 + 1.3 years (1.5 to 5 years) 
(Figure 2); the initial value of 0.59 + 0.12 changed to a 
later value of 0.61 + 0.07. Increasing atrioventricular 
valve regurgitation was demonstrated in 4 of these 15. 
Twenty-four patients underwent the Fontan procedure 
(Table I); 15 had ventricular morphology of the left 
ventricular type, 6 had the right ventricular type and 
morphology was indeterminate/mixed in 3 patients. 
The preoperative ejection fractions of the group of 15 
patients with left ventricular morphology (0.55 + 0.13) 
and the 9 patients with right ventricular /indeterminate 


10 
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Pt. Ageat Vent. AV PA 


No. Surgery Type Valves Band Shunt cardia 





l 0 
2 9 LV TA + + 0 
3, 20 LV 2 1+ 
4 12 RV MA + 0 
5 5.5 LV TA + + 0 
6 6.3 LV 2 + + 0 
7 0 


10 9 LV 2 + 2+ 
1l 10 LV Common + 1+ 
12 6.5 IV 2 + + 2+ 
is... S RV 2 + 0 
14 10.6 LV 2 + 0 


: + 

A i AAE RV Common + + 1+ 
18 15.8 LV TA + 2+ 
19 ..15 LV 2 + 1+ 
20 14 RV MA + 1+ 
ay | LV MA + 0 

22.0120 IV Common + + 1+ 
Bakes? bd at LV 2 + 2+ 
24 6.1 RV 2 + 2+ 


2+ = moderate, 3+ = severe; + present; O = absent. 





FIGURE 2. Serial ventricular ejection fraction (VEF) obtained 
preoperatively. 


TABLE I Patients Undergoing the Fontan Procedure 


AV Valve 


AV = atrioventricular; CHF = congestive heart failure; IV = indeterminate ventricle; LV = left ventricle; MA = mitral atresia; PA = pulmonary artery; Postop. = postoperatively; 
Preop. = preoperatively; RV = right ventricle; SVT = supraventricular tachycardia; TA = tricuspid atresia; Vent. = ventricular; VPC = ventricular premature contractions; 1+ = mild, 





Regurgitation Ejection Fraction 





Follow-Up Condition/Rhythm 
Postop. (yrs) at Last Follow-Up 





















i 3 Good/sinus 

0 0.61 6 Good/sinus 
0.67 l Good/sinus 

0 0.56 0.49 2.5 Good/sinus 
0.75 0.6 Good/sinus 

0.63 0.6 Good/sinus 






Good/sinus 






AV block, pacemaker 







Sick sinus syndrome 
0 0.65 0.45 8 Atrial fibrillation 
1+ 0.67 0.5 3 AV block, pacemaker 
1+ 0.58 0.33 5 SVT 
1+ 0.46 0.53 3.5 Atrial flutter 






SVT 











- : SVT, dead 
0.6 0.33 PO Sinus 
1+ 0.45 0.34 0.6 Severe CHF, dead 
0.61 0.1 SVT, dead 
1+ 0.54 0.16 0.6 SVT, transplant 
0.64 Died at surgery 
0.6 Died at surgery 
1+ 0.41 0.24 1.8 Sinus, dead 
0.58 Died at surgery 








morphology (0.58 + 0.06) were not significantly dif- 
ferent. 

Ten patients had a pulmonary artery band before 
the Fontan operation and 13 patients had systemic to 
pulmonary artery shunts (Blalock-Taussig shunts in 11, 
Potts anastomosis in 1, Waterston shunt in 1). No dif- 
ference was observed between the preoperative ventric- 
ular ejection fraction of 10 patients who had a pulmo- 
nary artery band (0.55 + 0.13) and that of 13 patients 
with systemic to pulmonary shunt (0.56 + 0.09). No 
correlation was found between preoperative aortic satu- 
ration and ventricular ejection fraction. 

Ventricular function after Fontan procedure: Ra- 
dionuclide ejection fraction has been obtained in 15 of 
the patients who survived the immediate postoperative 
period, 8 months to 2 years (1.16 + 0.44 years) after 
surgery (Figure 3). The mean preoperative ejection 
fraction of 0.52 + 0.08 decreased to 0.39 + 0.11. The 
postoperative ejection fraction decreased below preoper- 
ative values in 12 patients (reduced by 0.07 to 0.38), 
remained unchanged in | patient and increased slightly 
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in 2 (0.04 to 0.07). The decrease for the group was 
significant (p <0.001). 

Fifteen of the 24 patients who underwent the Fon- 
tan surgery had left ventricular morphology and 9 had 
right ventricular /indeterminate morphology. The mean 
postoperative ejection fraction in 8 patients in the left 
ventricle group was 0.40 + 0.10 and in 7 patients with 
right ventricular /indeterminate morphology, was 0.37 
+ 0.13; there is no significant difference between these 
2 groups. However, the decrease in ejection fraction 
was more pronounced when the ventricle was not of the 
left ventricular type. The decrease was 0.08 (standard 
deviation, 0.10) in those with left ventricular morpholo- 
gy and 0.23 + 0.11 in those with right ventricular /in- 
determinate morphology (p = 0.03 by Wilcoxon rank- 
sum test). 

Factors affecting outcome of Fontan procedure: 
Comparison of preoperative ejection fraction in 15 pa- 
tients who have had a good functional outcome after 
surgery (groups 1 and 2) with 9 patients who have not 
done well or died during surgery (group 3) reveals no 
significant difference. Preoperative ejection fraction in 
patients doing well was 0.60 + 0.11 versus 0.54 + 0.08 
in those who died or underwent cardiac transplantation. 
Age at the time of surgery in 15 patients who had a 
good outcome was 5.5 to 20 years (11.4 + 4.9 years) 
and was not statistically different from that in the 9 
patients whose age at surgery was 11 to 20 years (13 + 
3.8 years). 

Bypass and cross-clamp times were also compared. 
Patients with a good outcome had a bypass time of 137 
+ 44.8 minutes (68 to 212) and a cross-clamp time of 
77 + 34.8 minutes (37 to 127). Patients with a poor 
outcome (group 3) had a bypass time of 160 + 69.7 
minutes (81 to 284) and a cross-clamp time of 113 + 
84.4 minutes (36 to 243). However, 1 of these 9 pa- 
tients had abnormally long bypass and cross-clamp 
times of 284 and 243 minutes, respectively. Exclusion 
of this patient reveals similar values for bypass (135 + 
41.7 minutes) and cross-clamp (80 + 49.6 minutes) 
times between both groups. 


DISCUSSION 

Ventricular function before Fontan procedure: Our 
patients with a single ventricle had a lower ejection 
fraction than did children with a normal systemic left 
ventricle. We previously reported similar findings in 
children with tricuspid atresia before and after the Fon- 
tan procedure.!? By cineangiographic methods, Kita- 
mura!? and Sano!® and their co-workers showed signifi- 
cantly lower ejection fractions in the univentricular 
heart than in hearts with a normal left or right ventri- 
cle. The natural history of patients with a single ventri- 


cle who have not undergone surgery reveals a mortality 
rate of 50% by 14 years after diagnosis.*° A similar 
mortality rate has been shown in patients with a single 
ventricle after palliative pulmonary artery bands and 
systemic to pulmonary shunts.*! More corrective sur- 
gery, such as Fontan surgery, has therefore been at- 
tempted to offer these patients a better chance for long- 
term survival. Because of the technical difficulties 
encountered during Fontan surgery in patients with 
Blalock-Taussig shunts that compromise pulmonary ar- 
tery architecture,” and impaired diastolic ventricular 
function after pulmonary artery banding,*** recom- 
mendations have been made to proceed with Fontan 
surgery at a younger age.’:*:?° We have shown the ab- 
sence of any linear relation between age and systolic 
function or palliative surgery as measured by ejection 
fraction in the single ventricle. If it can be shown that 
ventricular function in the single ventricle progressively 
deteriorates, and that early Fontan surgery may arrest 
or retard further deterioration in function, the argu- 
ment to proceed with Fontan surgery at an earlier age 
may be stronger. However, it is our belief that systolic 
function, in the age group of patients evaluated in our 
study, does not uniformly deteriorate during childhood, 
and is not adversely affected by palliative procedures. 

Ventricular function after Fontan procedure: Sys- 
tolic function frequently decreases after the Fontan pro- 


p < 001 
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FIGURE 3. Serial determination of radionuclide ejection frac- 
tion (VEF) determined preoperatively (PRE OP) and postoper- 
atively (POST OP) in 15 patients who underwent Fontan sur- 
gery. Postoperative studies were obtained 8 months to 2 
years (1.16 + 0.44 years) after surgery. 
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cedure (Figure 3). It is possible that some decrease in 
function is attributable to decrease in ventricular vol- 
ume. Del Torso et al? also reported impairment in ejec- 
tion fraction at rest and after exercise in patients 2.6 
years after the Fontan procedure for either tricuspid 
atresia or a single ventricle. Unfortunately, preoperative 
ejection fractions were not available for their patients. 
The decrease observed in our patients is somewhat re- 
lated to ventricular morphology, since the decrease is 
larger with the morphologic right or indeterminate ven- 
tricle. In our series, postoperative function was not re- 
lated to surgical parameters such as bypass time (ex- 
cept in | patient), age at time of surgery or previous 
palliative procedures. Because ventricular systolic func- 
tion seems to deteriorate after the Fontan procedure, 
serial studies of ventricular function are essential. It 
cannot be determined from our data whether the dete- 
rioration in ventricular function after Fontan surgery 
occurred immediately after surgery or if it occurred lat- 
er after surgery as a more gradual process. 

Ventricular mass indexes have been used to predict 
outcome after the Fontan procedure with variable re- 
sults. Low ventricular mass in the form of inadequate 
ventricular hypertrophy and an increased mass index 
have each been designated as markers of poor out- 
come. !3.!5:!6 The discrepency may reflect the difficulty 
in measuring these indexes. Serial ejection fraction 
combined with pressure and volume measurements 
may therefore allow better decision-making for the tim- 
ing of “elective” surgery. 

Methodologic problems: The surgical group was se- 
lected on the basis of “adequate” ventricular function. 
Thus, our study does not provide information on func- 
tion after surgery in those with major preoperative 
“dysfunction.” Although this fact biases our data, the 
patients studied represent the usual patient undergoing 
the Fontan procedure for a single ventricle. Significant 
atrioventricular valve regurgitation can influence ejec- 
tion fraction values. However, analysis of cineangio- 
graphic data revealed a significant difference in regur- 
gitation in only | patient after surgery, and this patient 
had a prosthetic atrioventricular valve placed at the 
time of Fontan surgery. Although total ventricular vol- 
ume, augmented by systemic to pulmonary shunts, is 
reduced after Fontan surgery, the ejection fractions of 
our patients with a single ventricle and systemic to pul- 
monary artery shunts were not different from those of 
our patients with pulmonary artery bands. This lends 
support to the hypothesis that the difference in ejection 
fraction is not produced by volume changes alone. 

The shape of a single ventricle does not conform 
exactly to a normal right or left ventricle, and the pro- 
grams used to calculate ventricular volumes may not 


give a precise estimate of the ejection fraction in a sin- 
gle ventricle when echocardiographic and angiocardio- 
graphic images of the heart are used. In addition, over- 
lay of atrial structures may hamper exact ventricu- 
lar delineation, producing an artifactually low ejection 
fraction. However, radionuclide ejection fraction esti- 
mates are not based on area-length formulas but on 
actual count density, and the examination of the cine 
mode, phase and paradox images provides a reasonably 
exact determination of boundaries. Thus, radionuclide 
ejection fraction may be reliable and reproducible in 
serial evaluation of patients with a single ventricle. 
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MISCELLANEOUS 


Pulmonary Venous Flow Velocity Pattern as 
Assessed With Transthoracic Pulsed 
Doppler Echocardiography in Subjects 
Without Cardiac Disease 


Tohru Masuyama, MD, Jung-Myung Lee, MD, Masahiko Tamai, MD, Jun Tanouchi, MD, 
Akira Kitabatake, MD, and Takenobu Kamada, MD 





Pulmonary venous flow velocity pattern (PVFVP) 
was analyzed in 53 subjects (aged 25 to 77 
years, mean 47) without cardiovascular disease 
who underwent transthoracic pulsed Doppler 
echocardiography. The forward flow velocity 
pattern was biphasic in 37 of the 53 subjects, 
with each of the 2 peaks in systole and diastole; 
flow was triphasic with 2 peaks in systole and 
the other peak in diastole in the remaining 16 
subjects. Peak systolic and diastolic flow velocity 
ranged from 28 to 84 cm/s and from 27 to 71 
cm/s, respectively. Mean systolic flow velocity 
was significantly greater than mean diastolic 
flow velocity (53 + 12 vs 47 + 11 cm/s, p 
<0.01). Systolic flow velocity and the ratio of 
systolic to diastolic flow velocity increased and 
diastolic flow velocity decreased with aging (r = 
0.52, p <0.001, r = 0.70, p <0.001 andr = 
—0.49, p <0.001, respectively). Reverse flow oc- 
curred during the atrial contraction phase and its 
velocity (mean 20 cm/s) increased with aging (r 
= 0.56, p <0.001). The parameters of PVFVP 
were compared with the ratio of peak early dia- 
stolic filling velocity to peak filling velocity at 
atrial contraction (E/A ratio) measured in the 
transmitral flow velocity pattern. As E/A ratio 
increased, systolic flow velocity and systolic/ 
diastolic flow ratio and peak reverse flow veloci- 
ty decreased (r = —0.40, p <0.01, r = —0.67, p 
<0.001 and r = —0.68, p <0.001, respectively) 
and diastolic flow velocity increased (r = 0.58, p 
<0.001). 

Thus, PVFVP can be assessed in adults by 
using transthoracic pulsed Doppler echocardiog- 
raphy. PVFVP is significantly affected by aging, 
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at least partially reflecting altered left ventricular 
diastolic function with aging. These results can 
be used for comparison with patterns found in 
disease states. 

(Am J Cardiol 1991;67:1396-1404) 


to assess the flow velocity pattern in a given sam- 

ple volume in the heart and great vessels and 
hence to provide important clinical information in as- 
sessing a variety of heart diseases.!~> Pulmonary venous 
flow velocity pattern (PVFVP) is also obtainable with 
pulsed Doppler echocardiography, and has been ana- 
lyzed mainly in terms of pathophysiology of the pattern 
and the relation to cardiac dynamics and mitral valve 
motion.®? Recently, it was suggested that the severity 
of mitral regurgitation may be estimated from the anal- 
ysis of PVFVP by transesophageal pulsed Doppler 
echocardiography.'° Furthermore, Keren et al? suggest- 
ed that PVFVP alters in patients with poor left ven- 
tricular (LV) function, and another group suggest- 
ed that left atrial pressure may be estimated from 
PVFVP.'' Thus, assessment of PVFVP appears clini- 
cally promising. 

Although the clinical use of pulsed Doppler echocar- 
diography of PVFVP is expanding, normal values for 
healthy adults have not been reported. PVFVP is ob- 
tained not only with transesophageal, but also with 
transthoracic pulsed Doppler echocardiography.®9!2 If 
PVF VP can be successfully recorded in a wide popula- 
tion with transthoracic PDE, the clinical use of such 
measurements of PVFVP would be further enhanced. 
The objectives of this study were (1) to test the feasibil- 
ity of transthoracic pulsed Doppler echocardiographic 
assessment of PVFVP in adults, and (2) to study the 
effect of aging on these measurements in order to pro- 
vide baseline information for future studies. 


P=: Doppler echocardiography is widely used 


METHODS 
Study group: Sixty-five healthy adult volunteers 
without evidence of cardiovascular disease were studied. 
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They fulfilled the following criteria: (1) no history of 
heart disease or systemic hypertension, normal blood 
pressure and physical examination, (2) no hyperlipide- 
mia, (3) normal electrocardiogram, chest x-ray study 
and screening ergometer exercise test, and (4) normal 
echocardiograms including Doppler ultrasound. Ade- 
quate pulsed Doppler echocardiographic recordings of 
PVFVP were not obtained in 12 of the 65 subjects, and 
therefore the study population consisted of 53 sub- 
jects (30 men and 23 women, aged 25 to 77 years 
[mean 47]). All subjects gave informed consent to the 
pulsed Doppler echocardiographic studies. Before start- 
ing these studies, chamber size, wall thickness and wall 
motion were assessed using M-mode echocardiography 
in a standard manner. !? 

Pulsed Doppler echocardiographic recordings: 
These recordings were obtained with a commercial- 
ly available Doppler echocardiograph (Toshiba SSH- 
165A) and a transducer array of 2.5 MHz. A wall fil- 
ter was set as low as possible, but it was not always 
possible to optimize velocity peaks. Recordings were 
obtained during quiet respiration at a paper speed of 
100 mm/s with simultaneous tracings of the electrocar- 
diogram and phonocardiogram. 

PVFVP was examined using the apical 4-chamber 
view. Left atrial filling from the pulmonary vein is rec- 
ognized as red signals along the interatrial septum in 
the upper part of the left atrium in the color Doppler 
mode. The orifice of the right pulmonary vein is im- 
aged at the bottom of the flame-like red signals, and 
pulsed Doppler echocardiographic sample volume was 
set just at the orifice of the vein. After PVF VP record- 
ing, transmitral flow velocity pattern was obtained from 
the apex with the sample volume carefully placed be- 
tween the tips of the mitral leaflets where the maximal 
flow velocity in early diastole was obtained. 

Analysis of data: Flow velocity recordings were ana- 
lyzed using a digitizing pad (Graphtec, Tokyo, Japan) 
interfaced with a computer system (NEC PC-9800, 
Tokyo, Japan). PVF VP were traced along the instanta- 
neous highest velocity spectra by hand to determine 
peak forward flow velocities during systole and during 
diastole, peak reverse flow velocity at atrial contraction, 
flow velocity integrals of systolic forward flow wave, 
diastolic forward and diastolic reverse flow waves, time 
interval of electrocardiographic R wave and the peak of 
diastolic forward flow wave, and time interval from the 
peak of diastolic reverse flow wave to the following 
electrocardiographic R wave (Figure 1). An increase in 
diastolic forward flow velocity started before systolic 
forward flow velocity had decreased to the zero base- 
line, and therefore the flow velocity integral of the sys- 
tolic forward flow wave was defined as the area under 
the traced velocity profile from the onset of the forward 
flow to the onset of the diastolic forward flow wave 


(nadir), and flow velocity integral of the diastolic for- 
ward flow wave was defined as the area from the nadir 
to the end of the forward flow. 

The transmitral flow velocity profiles were also 
traced by hand to determine peak early diastolic filling 
velocity (E), peak filling velocity at atrial contraction 
(A), flow velocity integrals of early diastolic filling 
wave and filling wave at atrial contraction, time inter- 
val of electrocardiographic R wave and the peak of the 
early diastolic filling wave, and time interval from the 
peak of the filling wave at atrial contraction to the fol- 
lowing electrocardiographic R wave. Atrial contraction 
occurred after the mitral deceleration slope had de- 
creased to the zero baseline in all subjects. The average 





FIGURE 1. Diagrams of Doppler echocardiographic tracings 
of pulmonary venous flow velocity pattern (PVFVP) (top pan- 
el) and of transmitral flow velocity pattern (bottom panel). 
Variables measured in the PVFVP included: peak flow velocity 
during systole (S); pen Aay rage during diastole (D); peak 


reverse flow v with atrial contraction (Rev- 
A); flow velocity integral during systole (FVI-S); forward flow 
velocity integral during diastole (FVI-D); flow velocity integral 
of the reverse flow at atrial contraction (FVI-Rev A); the time 
interval from the R wave to the point of 
peak diastolic flow (R-D), and the time interval from the point 
of peak reverse flow at atrial contraction to the following elec- 
trocardiographic R wave (Rev-A-R). In subjects with 2 peaks 
in systole, the velocity of the second peak was provided for 
peak flow velocity during systole because the second peak 
was consistently higher than the first peak. Variables mea- 
sured in the transmitral flow velocity pattern included: peak 
early diastolic filling velocity (E); peak filling velocity at atrial 
contraction (A); flow velocity integral of early diastolic filling 
(FVI-E); flow velocity integral of the filling at atrial contraction 
(FVI-A); the time interval from the electrocardiographic R 
wave to the point of peak early diastolic filling (R-E), and the 
time interval from the point of peak filling at atrial contraction 
to the following electrocardiographic R wave (A-R). ECG = 
electrocardiogram. 


PULMONARY VENOUS FLOW IN NORMAL SUBJECTS 1397 


TABLE I Parameters Derived from Pulmonary Venous Flow 
Velocity Pattern in 53 Healthy Adults 


Mean Range 


63 + 10 
Ip E 12 


48 to 89 
28 to 84 


Heart rate (beats/min) 

Peak forward velocity during systole 
(S)(cm/s) 

Peak forward velocity during diastole 
(D)(cm/s) 

S/D ratio 

Peak reverse velocity at atrial contrac- 
tion (cm/s) 

FVI of forward systolic flow wave 
(FVI-S)(cm) 

FVI of forward diastolic flow wave 
(FVI-D)(cm) 

FVI-S/FVI-D ratio 

FVI of reverse flow wave at atrial con- 
traction (cm) 


47+11 27 to71 


1.20 + 0.40 0.51 to2.21 
2044 12 to 28 
14.3 + 4.0 7.6 to 27.8 
12.4 + 3.9 4.7 to 23.1 


152 = 0.71 
1.6+0.5 


0.48 to 3.94 
0.2 to 2.5 


D = diastole; FV! = flow velocity integral; S = systole. 


values of 5 consecutive cardiac cycles were used for 
quantitative analysis. 

Statistical analysis: Values are expressed as mean 
+ standard deviation. Difference in the time inter- 
vals, peak flow velocities and flow velocity integrals 
among subsets were assessed using analysis of variance 
and Scheffe’s test. Correlations between 2 variables 
were assessed with simple least-squares linear regres- 
sion analysis. 


A B 





RESULTS 

Pulmonary venous flow velocity pattern: The for- 
ward flow velocity pattern was biphasic with each of 
the 2 peaks in systole and diastole in 37 of the 53 sub- 
jects, and triphasic with 1 more peak in systole in the 
other 16 subjects (Figure 2). At atrial contraction, re- 
verse flow was observed in all subjects. Measurements 
of PVFVP are summarized in Table I. Systolic flow 
velocity was significantly greater than diastolic flow ve- 
locity (p <0.01). Similarly, flow velocity integral of sys- 
tolic forward flow wave was greater than flow velocity 
integral of diastolic forward flow wave (p <0.01). 

Association of aging and pulmonary venous flow 
velocity pattern: PVF VP parameters were compared 
among 12 subjects <40 years old, 30 subjects aged 41 
to 55 years and 11 subjects >55 years old (Table II). 
Systolic flow velocity and systolic forward flow velocity 
integral are equal to or even less than diastolic flow 
velocity and diastolic forward flow velocity integral, re- 
spectively, in the subjects <40 years old. However, sys- 
tolic flow velocity and systolic forward flow velocity in- 
tegral increased and diastolic flow velocity and diastolic 
forward flow velocity integral decreased with aging; 
systolic flow velocity and systolic forward flow velocity 
integral are larger than diastolic flow velocity and dia- 
stolic forward flow velocity integral, respectively, in the 
subjects >55 years old (p <0.01 and p <0.01, respec- 


E a 5s— 


~75cm/s 
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FIGURE 2. Representative tracings of pulmonary venous flow velocity pattern (PVFVP) (top panels) and transmitral flow veloci- 
ty pattern (bottom panels) in a 27-year-old woman (A, A’), in a 50-year-old woman (B, B’) and in a 77-year-old woman (C, C’). 
Doppler echocardiographic tracings were recorded with electrocardiogram and phonocardiogram. Peak pulmonary venous for- 
ward flow velocity during systole and diastole increases and decreases respectively, with aging. There is a notch in the accelera- 
tion phase of the systolic wave of the PVFVP (C), indicating 2 components in the systolic wave. Transmitral flow velocity pattern 
shows a decrease in the peak early diastolic filling velocity and an increase in the peak filling velocity at atrial contraction associ- 
ated with aging. 
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TABLE II Aging and Doppler Echocardiograpic Parameters 


No. of patients 
Age (yr) 
Pulmonary venous flow velocity pattern 
Peak forward velocity during systole (S)(cm/s) 
Peak forward velocity during diastole (D)(cm/s) 
S/D ratio 
Peak reverse velocity at atrial contraction (cm/s) 
FVI of forward systolic flow wave (FVI-S)(cm) 
FVI of forward diastolic flow wave (FVI-D)(cm) 
FVI-S/FVI-D ratio 
FVI of reverse flow wave at atrial contraction (cm) 
Transmitral flow velocity pattern 
Peak early diastolic filling velocity (E)(cm/s) 
Peak filling velocity at atrial contraction (A)(cm/s) 
E/A ratio 
FVI of early diastolic filling (FVI-E)(cm) 
FVI of diastolic filling at atrial contraction (FVI-A)(cm) 
FVI-E/FVI-A ratio 


~~ 41 to 55 Years 


< 40 Years > 55 Years 
12 30 11 
ek P, 47 + 4** 65 + 8**tT 
47+14 52+ 10 62: i112" 
56 + 12 46+ 10 39 + 8** 
0.86 + 0.28 1.18 + 0.29* 1.63 + 0.41**7t 
PEA oy E aoe r Ma N A 
12.7 + 4.0 14.3 + 3.9 16.2 + 3.6 
150 + 3.5 12.3 + 3.7 9.9 + 3.4** 
0.89 + 0.34 1.28 + 0.62 1.87 + 0.89**T 
1.3 + 0.4 1:6405 LEGS 
78 +10 72+13 55 + 12**tT 
46+ 10 56 + 12* 67-11 ?77 
1.77 + 0.41 1.32 + 0.36** 0.83 + 0.19**TT 
10.8 + 1.4 10.0 + 2.4 7.9+2.1**T 
4.0+1.1 49+1.3 5.9°+ 1.2** 
2.90 + 0.80 2:15.2 0.75% 1.34 + 0.27**tT 


*p < 0.05; **p < 0.01 versus the group > 40 years old; fp < 0.05 and ttp < 0.01 versus the patients aged 41 to 55 years. 


FVI = flow velocity integral. 


tively). Systolic flow velocity and systolic forward flow 
velocity integral correlated with age (r = 0.52, p 
<0,001, r = 0.42, p <0.01, respectively) (Figure 3). 
Diastolic flow velocity and diastolic forward flow veloci- 
ty integral correlated inversely with age (r = —0.49, p 
<0.001, r = —0.45, p <0.001, respectively). Conse- 
quently, systolic /diastolic flow velocity ratio and the ra- 
tio of flow velocity integrals of systolic to diastolic for- 
ward flow wave increased with aging (r = 0.70, p 
<0.001, r = 0.53, p <0.001, respectively). Peak reverse 


flow velocity at atrial contraction and velocity integral 
of the reverse flow during the atrial contraction peri- 
od increased with aging (r = 0.56, p <0.001, r = 0.28, 
p <0.05). 

Pulmonary venous flow velocity pattern and trans- 
mitral flow velocity pattern: PVF VP parameters were 
compared with pulsed Doppler echocardiographic pa- 
rameters of LV diastolic filling (Table HI). There was 
no difference in heart rate between the recordings of 
PVFVP and transmitral flow velocity pattern. Systolic 
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FIGURE 3. Association of aging and peak Aka 


systolic forward flow velocity of pulmo- 
nary venous flow (S) (top left panel), peak 
diastolic forward flow velocity of pulmo- 
nary venous flow (D) (top right panel), the 
ratio of S to D (S/D ratio) (bottom left 
panel) and peak reverse pulmonary ve- 
nous flow velocity at atrial contraction 
(bottom right panel). S, D, S/D ratio and 
the peak reverse flow velocity correlated 
well with age (r = 0.52, p <0.001, r = 
—0.49, p <0.001, r = 0.70, p <0.001 and 
r = 0.56, p <0.001, respectively). 
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TABLE Ili Matrix of Bivariate Correlation Coefficients Between Parameters of Pulmonary Venous Flow Velocity Pattern and Those of 
Transmitral Flow Velocity Pattern (n = 53) 


Peak forward velocity during systole (S)(cm/s) 

Peak forward velocity during diastole (D)(cm/s) 

S/D ratio 

Peak reverse velocity at atrial contraction (cm/s) 

FVI of forward systolic flow wave (FVI-S)(cm) 

FVI of forward diastolic flow wave (FVI-D)(cm) 

FVI-S/FVI-D ratio 

FVI of reverse flow wave at atrial contraction (cm) —0.06 


*p < 0.01. 


E/A FVI-E FVI-A FVI-E/FVI-A 
(cm) (cm) Ratio 


0.45* 
—0.38* 
0.57* 
0.59* 
0.30 
—0.41* 
—0.09 
0.39* 


A = peak filling velocity at atrial contraction; E = peak early diastolic filling velocity; E/A ratio = the ratio of E to A; FVI = flow velocity integral; FVI-A = FVI of diastolic filling at atrial 
contraction; FVI-E = FVI of early diastolic filling; FVI-E/FVI-A ratio = the ratio of FVI-E to FVI-A. 


flow velocity correlated with A and E/A ratio (r = 
0.45, p <0.01 and r = —0.40, p <0.01, respectively) 
(Figure 4). Diastolic flow velocity correlated with E 
and E/A ratio (r = 0.50, p <0.01 and r = 0.58, p 
<0.01, respectively). Systolic/diastolic flow ratio corre- 
lated with E, A and E/A ratio (r = —0.46, p <0.01, r 
= 0.57, p <0.001 and r = —0.67, p <0.001, respective- 
ly). Peak reverse flow velocity at atrial contraction sig- 
nificantly correlated with E, A and E/A ratio (r = 
—0.38, p <0.01, r = 0.59, p <0.001 and r = —0.68, p 
<0.001, respectively). 

Time interval of electrocardiographic R wave and 
the peak of pulmonary venous diastolic forward flow 
wave was significantly longer than that of the electro- 
cardiographic R wave and the peak of early diastolic 
LV filling wave (p <0.01), indicating that the peak of 


S (cm/sec) 
D (cm/sec) 


=-.67, p<.001 


Rev-A (cm/sec) 
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diastolic forward pulmonary venous flow velocity occurs 
later than the peak of early diastolic LV filling (Figure 
5). Time interval of the peak of pulmonary venous dia- 
stolic reverse flow wave and the following electrocardio- 
graphic R wave was significantly longer than that of - 
the peak of LV filling at atrial contraction and the fol- 
lowing electrocardiographic R wave (p <0.01), indicat- 
ing that the peak of diastolic reverse pulmonary venous 
flow velocity precedes the peak of LV diastolic filling at 
atrial contraction. 

Pulmonary venous flow velocity pattern and 
echocardiographic parameters: PVF VP parameters 
were compared with echocardiographic parameters and 
heart rate (Table IV). Although LV size or fractional 
shortening did not correlate with any PVF VP parame- 
ters, left atrial dimension correlated with systolic /dia- 


FIGURE 4. Relation between the ratio of 
peak early diastolic left ventricular filling 
velocity to peak left ventricular filling ve- 
locity at atrial contraction (E/A ratio) and 
peak systolic forward flow velocity of pul- 
monary venous flow (S) (top left panel), 
peak diastolic forward flow velocity of pul- 
monary venous flow (D) (top right panel), 
the ratio of S to D (S/D ratio) (bottom left 
panel) and peak reverse pulmonary ve- 
nous flow velocity at atrial contraction 
(bottom right panel). S, D, S/D ratio and 
the peak reverse flow velocity correlated 
well with E/A ratio (r = —0.40, p <0.01, r 
= 0.58, p <0.001, r =—-0.67, p <0.001 
and r = —0.68, p <0.001, respectively). 
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stolic flow ratio, systolic forward flow velocity integral, 
and the ratio of flow velocity integrals of systolic to 
diastolic forward flow waves (r = 0.41, p <0.01, r = 
0.36, p <0.01, r = 0.41, p <0.01, respectively). 


DISCUSSION 

Pulmonary venous flow velocity pattern and its re- 
lation with left ventricular function: PVF VP was dem- 
onstrated to be bi- or triphasic with | or 2 peaks in 
systole and the other peak in diastole in this study of 53 
adults without evidence of cardiovascular disease. In 
previous transthoracic pulsed Doppler echocardiograph- 
ic studies performed in adults, PVFVP was biphasic in 
all subjects.6* In contrast, PVF VP is consistently tri- 
phasic in the transesophageal pulsed Doppler echocar- 
diographic recordings. The discrepancy in the finding 
between transthoracic and transesophageal studies may 
be explained by the difference in the sample site, be- 
cause the sample volume was set at the orifice of the 


FIGURE 5. The following parameters 
were compared: time interval of electro- 
cardiographic R wave and peak of diastol- 
ic forward flow wave (R-D interval), time 
interval of electrocardiographic R wave 
and peak of early diastolic left ventricular 
filling wave (R-E interval) (top panel), time 
interval of peak of diastolic reverse flow 
wave and next electrocardiographic R 
wave (Rev A-R interval), and time interval 
of peak of left ventricular filling at atrial 


contraction and next electrocardiographic (msec) 
R wave (A-R interval) (bottom panel). R-D 100 
interval was significantly longer than R-E 

interval (608 + 64 vs 544 + 37 ms, p 

<0.01). Rev A-R interval was significantly 80 


longer than A-R interval (42 + 18 vs 31 + 
18 ms, p <0.01). 60 


40 


pulmonary vein in the left atrium rather than in the 
branch of the pulmonary vein in the transthoracic 
study. Although the difficulty of obtaining good nar- 
row-band Doppler signals of PVFVP by the transtho- 
racic approach may be a possible explanation for the 
discrepancy, there was no relation between the number 
of systolic peaks (1 or 2) and the quality of the pulsed 
Doppler echocardiographic recordings in this study. Bi- 
phasic systolic flow was obtained in 16 of 53 normal 
adults (30%) in this study. This finding is comparable 
to the finding of Smallhorn et al'* who observed bi- 
phasic systolic flow in 15 of 41 normal children (37%). 
There was no difference in age, heart rate, left atrial 
dimensions or percent fractional shortening of the LV 
inner diameter between subjects with monophasic and 
those with biphasic systolic flow. 

Systolic pulmonary venous flow is believed to occur 
as a result of atrial relaxation and the descent of the 
mitral anulus, which is determined by LV systolic func- 
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TABLE IV Matrix of Bivariate Correlation Coefficients Between Parameters of Pulmonary Venous Flow Velocity Pattern and M-Mode 


Echocardiographic Parameters (n = 53) 


Peak forward velocity during systole (S)(cm/s) 
Peak forward velocity during diastole (D)(cm/s) 
S/D ratio 

Peak reverse velocity at atrial contraction (cm/s) 
FVI of forward systolic flow wave (FVI-S)(cm) 

FVI of forward diastolic flow wave (FVI-D)(cm) 
FVI-S/FVI-D ratio 

FVI of reverse flow wave at atrial contraction (cm) 


Left Atrial 
Dimension 


Fractional 
Shortening 


*p < 0.01. 
LVEDD = left ventricular end-diastolic dimension; other abbreviations as in Tables | and Il. 


tion.*? The role of atrial relaxation may be supported 
by the positive correlation of systolic flow velocity and 
A observed in this study because higher A suggests 
stronger atrial contraction that may, in turn, produce 
stronger atrial relaxation. However, wide scattering of 
normal values of systolic flow velocity cannot be ex- 
plained by the interindividual variation in atrial relaxa- 
tion or by the variation of LV systolic function. There 
should be other important determinants of pulmonary 
venous systolic flow such as left atrial pressure, volume, 
compliance or function and LV diastolic properties, 
most of which were not measured in this study. 

During diastole, the atrium is believed to act as an 
open conduit through which blood flows directly from 
the pulmonary veins through the mitral valve into the 
left ventricle.° In this study, both diastolic flow velocity 
and flow velocity integral of the diastolic forward flow 
wave correlated with multiple variables of transmitral 
flow velocity patterns, supporting the aforementioned 
concept. However, the point of E consistently preceded 
the point of peak diastolic flow velocity in this study. 
Early diastolic ventricular filling consists of atrial emp- 
tying of the blood reserved in the left atrium during 
systole and the emptying of the blood in the pulmonary 
venous system. The former component may well pre- 
cede the latter component. Thus, the time interval be- 
tween the points of peak diastolic flow velocity and E 
may be attributed to the former component. 

Peak reverse flow velocity at atrial contraction was 
lower than A; however, they correlated with each other 
(r = 0.59). Both are affected by atrial contractility, but 
peak reverse flow velocity at atrial contraction and A 
should be affected also by the impedance of the pulmo- 
nary venous system and the left ventricle, respectively. 
The difference and relatively poor correlation between 
A and peak reverse flow velocity at atrial contraction 
may be explained by the difference in the impedance 
between the pulmonary venous system and the left ven- 
tricle. 
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One might think interindividual variation in the 
PVFVP is explained by variation in physiologic param- 
eters such as heart rate, blood pressure and LV mass. 
No good correlation was seen between the physiolog- 
ic parameters and any parameters of PVFVP and 
of transmitral flow velocity pattern. Furthermore, the 
ranges of the physiologic parameters were narrow in 
our patients. Thus, interindividual variation cannot be 
explained by the variation in these physiologic parame- 
ters. Trace or minimal mitral regurgitation was detect- 
ed by color Doppler in 8 of the 53 subjects, but there 
was no difference in any pulsed Doppler echocardio- 
graphic parameters of PVF VP or transmitral flow ve- 
locity pattern between the subjects with and without 
trace mitral regurgitation. Technical factors including 
possible suboptimal angle alignment of the Doppler 
beam may be at least partially responsible for the wide 
scattering of normal values of PVFVP. 

Effects of aging on pulmonary venous flow velocity 
pattern: Systolic flow velocity increases, diastolic flow 
velocity decreases and peak reverse flow velocity at atri- 
al contraction increases with aging. The correlations be- 
tween ages and PVFVP parameters may be best ex- 
plained by the changes in LV diastolic filling associated 
with aging because of the demonstrated close relation 
between PVFVP and LV diastolic filling pattern. Ef- 
fects of aging on LV systolic function are at most mini- 
mal.'> Although age-associated alteration in other fac- 
tors such as left atrial pressure, volume, compliance and 
function may also partially account for the age depen- 
dency of PVFVP, these are unlikely to alter much with 
aging. 

Appleton et al!® showed that peak systolic forward 
flow velocity was higher than peak diastolic forward 
flow velocity in the Doppler superior vena cava flow 
velocity recordings regardless of age.!6 In this study of 
PVFVP, systolic flow velocity was higher than diastolic 
flow velocity only in middle-aged or older subjects, and 
diastolic flow velocity was higher than systolic flow ve- 
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locity in young subjects. The difference between the su- 
perior vena cava flow velocity pattern and PVF VP, es- 
pecially in young subjects, may be explained by the dif- 
ference in diastolic suction or relaxation rate of the 
ventricle.!7 Alternatively, the difference may relate to 
the difference between right atrial and left atrial pres- 
sures. The difference in age dependency between supe- 
rior vena cava flow velocity pattern and PVFVP may 
be related to the difference in the age dependency of 
the ventricular filling pattern because a recent study 
showed LV filling pattern is more affected by aging 
than right ventricular filling pattern.'® 

Study limitations: First, adequate pulsed Doppler 
echocardiographic recordings of PVFVP were not ob- 
tainable in 12 of 65 subjects (18%). Although one 
might think the percentage of technically inadequate 
studies would be greater in a population of patients 
with cardiac disease than in a normal population or in 
older subjects, it is not true in our experience. Neither 
age, left atrial size, the depth of the sample volume, nor 
body weight or body surface area of the subjects ap- 
peared to be important variables of technically inade- 
quate studies; the quality of the echocardiographic im- 
age of the apical 4-chamber view was believed to be a 
more important determinant of the quality of Doppler 
PVFVP. Second, the technical difficulty in obtaining 
adequate recordings of pulmonary venous reverse flow 
wave at atrial contraction using the transthoracic ap- 
proach should be noted. Wall motion artifact associated 
with atrial contraction might have obscured the flow 
velocity signal considerably in some subjects, and there- 
fore the quantitation of the reverse flow may be some- 
what unreliable. 

Third, there are 4 pulmonary veins, but only the 
flow velocity pattern of the right upper pulmonary vein 
was examined. Thus, PVFVP obtained in this study is 
unlikely to directly reflect the flow volume filling into 
the left atrium because of the difference in PVFVP 
among the pulmonary veins.'* Finally, left atrial pres- 
sure, compliance or function and LV specific properties 
were not measured in this study; therefore, the role of 
these factors is unknown. However, effects of aging on 
LV properties have been extensively studied,!>!?-?! 
thus, the presence or absence and the direction of 
changes in ventricular properties associated with aging 
in normal subjects are obvious. 

Clinical implications: Previous studies showed a de- 
crease in systolic flow velocity associated with LV dys- 
function? and mitral regurgitation.'° Our results sug- 
gest that systolic flow velocity can be even <30 cm/s in 
young normal subjects, suggesting that low systolic flow 
velocity does not necessarily indicate abnormal hemo- 
dynamics. Other studies imply the value of pulsed 


Doppler echocardiographic measurements of PVF VP 
in assessing pulmonary vein obstruction of an isolated 
type, after surgical repair of a variety of congenital 
heart diseases,!4:2223 and in estimating left atrial pres- 
sure.!!!4 We believe that the results of this study can 
be used as baseline information for current as well as 
future studies. LV diastolic filling is an important but 
obviously not a sole determinant of PVFVP. Analysis 
of PVFVP is likely to provide clinically useful informa- 
tion that is not obtainable with analysis of transmitral 
flow velocity pattern or of other pulsed Doppler echo- 
cardiographic recordings. 
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Stroke Volume Increases by Similar Mechanisms 
During Upright Exercise in Normal 
Men and Women 


Martin J. Sullivan, MD, Frederick R. Cobb, MD, and Michael B. Higginbotham, MB 





To define the effects of gender on stroke volume 
control during upright exercise in normal sub- 
jects, we examined central hemodynamics in 

34 men and 27 women during staged bicycle er- 
gometry. Central hemodynamics were assessed 
by right-sided cardiac catheterization and simul- 
taneous radionuclide angiography. Left ventricu- 
lar end-diastolic and end-systolic volumes were 
calculated from the stroke volume (by direct 
Fick) and the corresponding left ventricular ejec- 
tion fraction. Men were larger than women (1.85 
+ 0.11 vs 1.65 + 0.13 m2, p <0.001) but 
groups were matched for age (39 + 12 vs 36 + 
9 years, p = 0.27). Oxygen consumption at peak 
exercise was higher in men than in women (2.51 
+ 0.50 vs 1.74 + 0.30 liters/min, p <0.001) but 
was not different when adjusted for body weight 
(31.5 + 8.1 vs 28.4 + 6.4 ml/kg/min, p = 0.14), 
indicating similar levels of overall fitness in the 2 
groups. At rest and during submaximal and 
maximal exercise, stroke volume and left ventric- 
ular end-diastolic and end-systolic volumes were 
higher in men than in women, but there were no 
intergroup differences in stroke volume index, 
left ventricular ejection fraction, and left ventric- 
ular end-diastolic or end-systolic volume indexes. 
Comparison of derived regression equations of 
cardiac index, stroke volume index and left ven- 
tricular end-diastolic and end-systolic volume in- 
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dexes revealed no differences in the time course 
or magnitude of changes with respect to oxygen 
consumption, expressed as percentage of peak 
oxygen consumption, in the 2 groups. The major 
increase in left ventricular end-diastolic volume 
from upright rest in both men and women oc- 
curred during early exercise and accounted for 
most of the increase in stroke volume with rela- 
tively small increases in pulmonary wedge pres- 
sure. With moderate to intense exercise, stroke 
volume was maintained because of decreases in 
left ventricular end-systolic volume, as left ven- 
tricular end-diastolic volume did not change or 
decreased slightly from 50 to 100% of peak 
oxygen consumption in both men and women. 
Our data indicate that in normal subjects, gen- 
der, independent of body size and physical fit- 
ness, is not an important determinant of cardiac 
output or left ventricular volume response to up- 
right exercise. 

(Am J Cardiol 1991;67:1405-1412) 


aximal isotonic exercise is accompanied 
M by complex adjustments in both the pe- 

ripheral vasculature and the central circula- 
tion, which allow cardiac output to increase up to 400 
to 500%.!-® Although previous studies in animals’ and 
humans during supine exercise*-'! have suggested that 
changes in stroke volume are not important in aug- 
menting the cardiac output response, recent studies in 
men in our laboratory>+ and other studies>*?:!2-!” indi- 
cate that during upright exercise, increases in stroke 
volume play an important role in mediating this in- 
crease in cardiac output. In normal men during upright 
exercise, stroke volume is augmented through both an 
increase in left ventricular end-diastolic volume and a 
decrease in left ventricular end-systolic volume, result- 
ing in an increase in left ventricular ejection frac- 
tion.*:!4!7 However, several studies using radionuclide 
techniques!*-* have indicated that in women left ven- 
tricular ejection fraction may not increase or may de- 
crease from rest to peak exercise, suggesting that gen- 
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der is an important factor determining the central he- 
modynamic response to exercise in normal subjects. 
This concept is supported by the findings of Hossack 
and Bruce,?!?? that during treadmill exercise, stroke 
volume index is lower in women than in men, and does 
not increase from rest to peak exercise in women but 
does increase in men. The present study examined the 
central hemodynamic response to upright exercise in 
normal men and women matched for age and weight- 
adjusted peak oxygen consumption, which may affect 
exercise stroke volume.?3.74 


METHODS 

Subjects: Twenty-seven women (aged 20 to 63 
years) and 34 men (aged 20 to 70 years) participated 
in the study. No subject was taking medications. All 
had a normal history and physical examination, screen- 
ing blood hemoglobin content, and a normal electrocar- 
diographic response to a familiarization maximal bicy- 
cle exercise test. All women had a negative serum 6 
human chorionic gonadotropin test. Data on hemody- 
namic response to exercise from men in the present 
study have been reported previously by our laborato- 
ry>4> and are included to directly test the hypothesis 
that gender influences the cardiovascular response to 
eXercise. 

Study protocol: All studies were performed under a 
research protocol approved by the Institutional Review 
Boards of the Duke University and the Durham Veter- 
ans Administration Medical Centers. Exercise test- 
ing was performed using a Fitron isokinetic bicycle 
(Lumex, Inc.) with the work load beginning at 150 
kpm/min and advancing 150 kpm/min in 3-minute 
stages to a symptom-limited maximum with continuous 
electrocardiographic monitoring. Subjects reported to 
the exercise laboratory at 8:00 A.M. after drinking a liq- 
uid breakfast. After local anesthesia, a 7Fr Swan-Ganz 
catheter was introduced into the right pulmonary ar- 
tery, and a plastic cannula into the left brachial artery. 
Subjects were then transferred to the exercise facility 
where hemodynamic, radionuclide and gas exchange 
measurements were simultaneously obtained at rest in 
the sitting position and at each work load during up- 
right bicycle exercise to exhaustion. 3426.27 

Hemodynamic measurements: Right atrial, pulmo- 
nary and systemic arterial pressures (systolic, diastolic 
and electronically derived mean) were obtained using 
Hewlett-Packard pressure transducers, and amplifiers 
and were continuously recorded. Blood samples were 
taken at rest in the upright position and in the last min- 
ute of each exercise stage for oximetry and measure- 
ment of lactate.*4 Gated equilibrium radionuclide stud- 
ies were acquired at rest and at each work load, using a 


Searle LEM mobile gamma camera equipped with a 
high-sensitivity 30° slant hole collimator as previously 
described.*?? Cardiac output was determined by the di- 
rect Fick technique. Left ventricular end-diastolic and 
end-systolic volumes were calculated using the stroke 
volume derived from the Fick cardiac output, and left 
ventricular ejection fraction was calculated by radio- 
nuclide angiography as follows*+??: LVEDV = Fick 
SV/LVEF; LVESV = LVEDV — Fick SV where 
LVEDV and LVESV are left ventricular end-diastolic 
and end-systolic volumes, respectively, and SV is stroke 
volume. 

Statistical analysis: [ntergroup comparison of rest 
and submaximal exercise data were performed using 2- 
way analysis of variance for repeated measures. Pair- 
wise testing was performed using Student’s paired and 
unpaired ¢ testing as appropriate. To examine inter- 
group differences in the time course and magnitude of 
changes in variables in relation to oxygen consumption, 
regression equations were derived in men and women 
using linear and quadratic equations for intergroup 
comparisons. A p value <0.05 was considered statisti- 
cally significant; all data are expressed as mean + stan- 
dard deviation. 


RESULTS 

Men weighed more than women (81 + 11 vs 63 + 
11 kg, p <0.001) but the groups were age-matched (39 
+ 12 vs 36 + 9 years, p = 0.27). Most of the subjects 
in the present study were sedentary or exercised for <3 
hours per week; 6 of 34 men and 4 of 27 women per- 
formed regular aerobic exercise for =>3 hours per week 
(p = 0.77). Men achieved higher peak work rates (944 
+ 167 vs 694 + 119 kpm/min, p <0.001) and oxygen 
consumption values (2.50 + 0.49 vs 1.74 + 0.29 liters / 
min, p <0.001) than women. However, when adjusted 
for body weight, in men versus women there were no 
differences in peak oxygen consumption (31.5 + 8.2 vs 
28.4 + 6.4 ml/kg/min, p = 0.14) or work rate (11.8 + 
2.8 vs 11.8 + 2.8 kpm/min/kg, p = 0.52). The peak 
respiratory exchange ratio was 1.23 + 0.09 in men and 
1.25 + 0.13 in women (p = 0.51), indicating the 
achievement of a comparable maximal or near maxi- 
mal exercise effort in both groups. 

Hemodynamic responses to exercise: Oxygen con- 
sumption was 20% lower in women than in men at rest 
and 8 to 20% lower at matched submaximal exercise 
work rates (all p <0.01). Heart rate was not different 
in the 2 groups at rest but was increased in women 
compared with men during submaximal and maximal 
exercise (Figure 1A). Central arteriovenous oxygen dif- 
ference was decreased in women compared with men at 
rest, and during submaximal and maximal exercise 
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(Figure 1B). There were no differences in cardiac out- 
put at rest or submaximal exercise between the 2 
groups, but maximal cardiac output was higher in men 
than in women (18.3 + 3.1 vs 15.9 + 3.1 liters/min, p 
= (0.005) (Figure 1C). Cardiac index was not different 
in the groups at rest or during maximal exercise but 
was increased in women when compared with men dur- 
ing high submaximal exercise (Figure 1D). 

There were no differences in stroke volume index at 
rest or during exercise between the 2 groups (Figure 
2A). The increase in stroke volume index from rest to 
peak exercise was similar in men versus women (17 + 
10 vs 13 + 12 ml/m?, p = 0.14). The rest and submax- 
imal exercise left ventricular ejection fraction response 
tended to be different in the 2 groups (p = 0.06) (Fig- 
ure 2B), primarily because of a tendency for left ven- 
tricular ejection fraction at rest to be higher in women. 
There were no differences in rest or exercise left ven- 
tricular end-diastolic or end-systolic volume indexes in 
the 2 groups (Figure 2, C and D). There was no inter- 
group difference in the derived regression equations for 
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stroke volume index, and end-diastolic or end-systolic 
volume indexes versus oxygen consumption. 

Because peak work rate was 36% higher in men and 
oxygen consumption for a given work rate was slightly 
lower in women, we examined the relation of cardiac 
index, stroke volume index, and left ventricular end- 
diastolic and end-systolic volume indexes to oxygen 
consumption expressed as a percentage of peak oxygen 
consumption in the 2 groups. Figure 3 contains individ- 
ual plots of these variables versus percent of peak oxy- 
gen consumption in the 2 groups, and illustrates a lin- 
ear increase in cardiac index as well as an initial in- 
crease and then plateau in both stroke volume index 
and left ventricular end-diastolic volume index. Table I 
lists group data at rest, and at 25, 50, 75 and 100% of 
peak oxygen consumption. There were no intergroup 
differences in terms of the best-fit regression equations 
for the time course or magnitude of changes of these 
variables during exercise. Most of the increase in stroke 
volume index occurred during early exercise (rest to 
25% of peak oxygen consumption: men, 12 + 8 ml /m?; 
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FIGURE 1. Plots of rest and exercise heart rate (A), central arteriovenous oxygen (AVO2) difference (B), cardiac output (C), and 
cardiac index (D) in men (M) (closed squares) and in women (W) (open squares). Overall analysis of variance (ANOVA) was per- 
formed with rest and submaximal exercise data. Dashed lines denote intergroup comparison of maximal (MAX) data. *p <0.05; 


tp <0.01 men versus women. 
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women, 9 + 6 ml/m?; both p <0.01). This initial in- 
crease was due entirely to an increased left ventricular 
end-diastolic volume index (men, 13 + 11 ml/m?; 
women, 11 + 8 ml/m?; both p <0.01) because left 
ventricular end-systolic volume index increased slightly 
(men, 2 + 4 ml/m?; women, 2 + 4 ml/m?; both p 
<0.05). Stroke volume reached its peak at 50% of peak 
oxygen consumption and then remained unchanged 
during intense exercise. Stroke volume index was main- 
tained above rest values during intense exercise despite 
a tendency for left ventricular end-diastolic volume in- 
dex to decrease through a decrease in left ventricular 
end-systolic volume index, from 25 to 100% peak oxy- 
gen consumption in both men (—7 + 10 ml/m?, p 
<0.01) and women (—3 + 11 ml/m/?, p <0.05). 
Mean arterial (Figure 4A) and systolic arterial 
blood pressures were not different at rest or during 
matched submaximal exercise work rates in the 2 
groups, but were higher in men than in women at peak 
exercise. Mean pulmonary artery pressure (Figure 4B) 
was lower in women than in men at rest and during low 
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levels of submaximal and maximal exercise. There were 
no differences in rest or exercise mean pulmonary capil- 
lary wedge or mean right atrial pressures in the 2 
groups (Figure 4, C and D). 

Arterial lactate content was not different in the 2 
groups at rest, but increased at a faster rate during sub- 
maximal exercise in women and reached a lower value 
at peak exercise in women than in men (11.3 + 3.8 vs 
9.3 + 2.4 mM /liter, p = 0.03). Arterial oxygen con- 
tent was increased in men compared with women at 
rest and during exercise (all p <0.01). This was due to 
a higher hemoglobin content in men (15.8 + 1.1 g/dl, 
range 13.5 to 18.0) than in women (13.2 + 1.1 g/dl, 
range 11.5 to 16.2, p <0.001), because there were no 
differences in arterial oxygen saturation at rest or dur- 
ing exercise in the 2 groups. At rest and during sub- 
maximal exercise, mixed venous oxygen content was 
decreased in women compared with men (all p <0.01), 
but there were no differences in mixed venous oxygen 
saturation. At peak exercise, mixed venous oxygen con- 
tent was not different in the 2 groups, although mixed 
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FIGURE 2. Plots of rest and exercise stroke volume index (A), left ventricular ejection fraction (B), and end-diastolic (C) and 
end-systolic (D) volume indexes in men (M) (closed squares) and women (W) (open squares). Overall analysis of variance (ANO- 
VA) was performed with rest and submaximal exercise data. MAX = maximal. 
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venous oxygen saturation was lower in men than in 
women (p <0.05). 


DISCUSSION 

As previously reported in men,*-+!2-!728 our data in- 
dicate that important increases in stroke volume oc- 
curred in both men and women during moderate up- 
right exercise with no further increase in stroke volume 
during intense exercise. In both men and women, left 
ventricular end-diastolic volume increased during early 
exercise and accounted for most of the 32 to 41% in- 
crease in stroke volume during exercise; during intense 
exercise, increases in left ventricular contractility, indi- 
cated by decreases in left ventricular end-systolic vol- 
ume and increases in left ventricular ejection fraction, 
maintained stroke volume despite a tendency for left 
ventricular end-diastolic volume to remain unchanged 


Cardiac Index 
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Stroke Volume Index 
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FIGURE 3. Individual plots of cardiac 
index (A and B), stroke volume index 
(C and D), and end-diastolic (E and F) 
and end-systolic (G and H) volume in- 
dexes in 32 men and 26 women. 
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or decrease slightly. Our data indicate that during up- 
right exercise, the magnitude and time course of ven- 
tricular volume changes (indexed to body surface area) 
are comparable in men and women and suggest that 
gender, independent of body size or level of physical 
fitness, is not an important determinant of the cardiac 
output, stroke volume, or left ventricular end-diastolic 
volume response to exercise. 

The results of the present study are in contrast to 
studies in canine models’??3° and in humans during 
supine exercise,®-!! which have demonstrated little or 
no increase in stroke volume or left ventricular end- 
diastolic volume during exercise. This appears to be pri- 
marily due to the large decrease in intrathoracic blood 
volume that occurs on assuming the upright posture in 
normal subjects. Our results are consistent with previ- 
ous studies!*:'7,28 in demonstrating that the Frank-Star- 
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TABLE | Hemodynamic Data Indexed to Body Surface Area at Rest and at 25, 50, 75, and 100% of Peak VO, in Men and Women 


Percentage of Peak VO, 


Cl (mi/m?) 
Men 
Women 

SVI (mi/m?) 
Men 
Women 

EDVI (mi/m?) 
Men 
Women 

ESVI (ml/m?) 
Men 
Women 


*p <0.05, 'p <0.01 versus rest by the paired Student's t test. 


75% 


8.4 + 1.5' 
8.4 + 1.4' 


60 + 10' 
57 + 10’ 


81+17' 
77 + 18' 


22 + 10! 
20H Ti 


9.6 + 1.8' 
9.4 + 1.5! 


58 + 10' 
54 + 8' 


78 +14! 
73 + 17' 


21 + 10' 
19+ 14 


Cl = cardiac index; EDV| = end-diastolic volume index; ESV! = end-systolic volume index; SVI = stroke volume index; VO, = oxygen consumption. 


ling mechanism played an important role in increasing 
left ventricular end-diastolic volume during early exer- 
cise in normal subjects. Although Plotnick et al?’ re- 
ported that left ventricular end-diastolic volume returns 
to near rest values during intense upright exercise, our 
data indicate that left ventricular end-diastolic volume 
remained significantly above rest values at peak exer- 
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cise, despite the marked decrease in diastolic filling 
time. This appears to be due, in part, to a gradual in- 
crease in pulmonary wedge pressure, which has previ- 
ously been demonstrated to be a good indicator of left 
ventricular filling pressure during exercise.'* Thus, al- 
though left ventricular end-diastolic volume remained 
unchanged or decreased slightly during exercise at 50 
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FIGURE 4. Plots of mean arterial blood pressure (A), mean 





artery pressure (B), mean pulmonary capillary wedge 


pressure (C), and mean right atrial pressure (D) in men (M) (closed squares) and women (W) (open squares). Overall analysis of 
variance (ANOVA) was performed with rest and submaximal exercise data. Dashed lines denote intergroup comparison of max- 


imal (MAX) data. *p <0.05; tp <0.01 men versus women. 
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to 100% peak oxygen consumption, our data suggest 
that the Frank-Starling mechanism maintained left 
ventricular end-diastolic volume significantly above rest 
levels despite an increased heart rate. 

Crawford et al!? previously examined left ventricu- 
lar volumes by echocardiography during submaximal 
and maximal upright bicycle exercise in moderately 
conditioned men (peak work rate <1,200 kpm/min) 
and athletes (peak work rate 21,200 kpm/min). Left 
ventricular end-diastolic volume increased in both 
groups from rest to moderate exercise; then, left ven- 
tricular end-diastolic volume plateaued in the moder- 
ately conditioned group at 70% of peak heart rate, but 
continued to increase up to peak exercise in athletes 
and was accompanied by further increases in stroke vol- 
ume. In the present study both left ventricular end-dia- 
stolic volume index and stroke volume index (Figure 2, 
A and C) tended to remain unchanged or decrease 
slightly during intense exercise. These data suggest that 
in the range of peak oxygen consumption values studied 
(16.9 to 53.6 ml/kg/min), increased aerobic fitness 
does not lead to an important enhancement of use of 
the Frank-Starling mechanism to increase left ventricu- 
lar end-diastolic volume or stroke volume further dur- 
ing intense exercise. 

Our finding that the relation of cardiac output to 
work rate was no different in men than in women re- 
flects the confounding influences of a reduced oxygen 
consumption and a decreased central arteriovenous 
oxygen difference at a given work rate in women. Gen- 
der-related differences in oxygen consumption at a giv- 
en work rate!’3! have been previously identified and 
may reflect intergroup differences in body weight. Our 
finding that peak exercise central venous oxygen satu- 
ration was higher in women than in men suggests that 
in addition to lower hemoglobin content, decreased pe- 
ripheral oxygen extraction also contributed to the de- 
creased peak central arteriovenous oxygen difference in 
women. 

The women participating in the present study were 
younger than those reported in a previous study in our 
laboratory which demonstrated gender-related differ- 
ences in stroke volume control.!8 Therefore, our results 
apply primarily to women 20 to 50 years old and may 
not apply to older subjects. Because women generally 
have lower peak oxygen consumption values (ml/kg/ 
min) when compared with age-matched men, and 
stroke volume index during exercise is related to peak 
oxygen consumption, it is likely that in the general pop- 
ulation cardiac volumes (indexed to body surface area) 
may be higher in men than in women. 

The results of the present study indicate that in both 
men and women stroke volume increased 32 to 41% 


during upright exercise. During early exercise, the in- 
creases in stroke volume from upright rest were mediat- 
ed entirely by increases in end-diastolic volume (Frank- 
Starling mechanism). During intense exercise, end-dia- 
stolic volume reaches a plateau in both men and 
women, and stroke volume is maintained through de- 
creases in end-systolic volume (increased contractility). 
Our data indicate that in normal subjects, gender, inde- 
pendent of body size and physical fitness, is not an im- 
portant determinant of the cardiac output or left ven- 
tricular volume response to upright exercise. 
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METHODS 


Interstudy Reproducibility of Biplane Cine 
Nuclear Magnetic Resonance Measurements of 
Left Ventricular Function 


Halima Benjelloun, MD, Gregory B. Cranney, MB, BS, Katharine A. Kirk, PhD, 
Gerald G. Blackwell, MD, Chaim S. Lotan, MD, and Gerald M. Pohost, MD 





Cine nuclear magnetic resonance (NMR) imag- 
ing, as a noninvasive and high-resolution imag- 
ing modality, has been shown to be reliable for 
determining absolute left ventricular (LV) vol- 
umes and ejection fraction. A relatively new gra- 
dient echo cine NMR approach using 2 orthogo- 
nal long-axis planes (2- and 4-chamber) aligned 
with the true axes of the left ventricle has been 
previously developed and validated against ra- 
diographic biplane LV cineangiography. The aim 
of the present investigation was to determine the 
reproducibility of this more rapid cine NMR ap- 
proach for the measurement of LV volumes and 
ejection fraction. Eighteen normal subjects un- 
derwent 2 cine NMR studies, on different days, 
using a 1.5-tesla clinical imaging system. Stud- 
ies were analyzed on-line and blindly by 2 inde- 
pendent observers. Intraobserver error was also 
determined in a blinded manner. 

Mean values of measurements determined by 
this method in this group of normal subjects 
were end-diastolic volume (120 + 20 ml), end- 
systolic volume (39 + 9 ml) and ejection fraction 
(67 + 4%). Paired analysis of data revealed no 
significant bias between interstudy, interob- 
server or intraobserver measurements, except 
for interobserver end-diastolic volume, where the 
first observer measurements were slightly ele- 
vated (5.6 + 7.8 ml) compared with the second. 
This resulted in a small difference in ejection 
fraction (1.7 + 2.3%) between observers. The 
absolute variation between measurements 
(square root of variance components) was low 
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for all interstudy, interobserver and intraob- 
server comparisons: end-diastolic volume was 
<+6.7 ml, end-systolic volume <+3.5 ml and 
ejection fraction <i2.4%. 

These results demonstrate the potential of the 
biplane cine NMR intrinsic long-axis approach to 
obtain reliable and sequential measurements of 
LV volumes and function in subjects without seg- 
mental wall motion abnormalities, using practical 
acquisition and analysis times. 

(Am J Cardiol 1991;67:1413-1420) 


ssessment of left ventricular (LV) volumes and 
A ee fraction is important for the clinical 
assessment of cardiac disease and for deter- 
mining prognosis.!-> Furthermore, often it is only by 
measuring serial changes in parameters of LV function 
that the effects of surgical and medical interventions 
can be evaluated.** Spin echo nuclear magnetic reso- 
nance (NMR) imaging*~’ and, more recently, gradient 
echo cine NMR, a relatively new noninvasive imaging 
method with excellent spatial and temporal resolution, 
have been widely described and are suggested to be of 
clinical value for the assessment of LV function®-!4 and 
mass.!>-!” Early cine NMR methods used mainly the 
transaxial approach, with imaging planes perpendicular 
to the external body axis.*-!° These studies were time- 
consuming to acquire and analyze, were not aligned 
with the intrinsic axes of the heart and were unfamiliar 
to cardiologists trained in conventional methods. 
Recently, a more practical cine NMR approach, us- 
ing a biplane long-axis acquisition strategy, for mea- 
surement of LV volumes has been developed and vali- 
dated against radiographic ventricular cineangiogra- 
phy.'* This approach has also been shown to be useful 
for assessing global and regional wall motion.!* The im- 
aging strategy uses planes aligned with the intrinsic 
axes of the heart and has the advantage of obtaining 
views comparable to radiographic ventricular cineangi- 
ography and echocardiography. Furthermore, acquisi- 
tion and analysis times are shorter than the previous 
transaxial or short-axis approaches. The aim of the 
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present study was to determine the reproducibility of 
this new approach for measuring LV volumes and ejec- 
tion fraction in subjects with normal wall motion, 
where day-to-day variation due to biologic factors is 
minimized. 


METHODS 

Patients: The study group consisted of 20 normal 
volunteers who were asymptomatic and had normal 
physical examinations and 12-lead electrocardiograms 
at rest. No history of cardiac disease was recorded. In- 
formed consent was obtained from all subjects before 
NMR imaging. Subsequently, 2 subjects were excluded 
after their first scan due to severe image artifacts pre- 
cluding analysis. These subjects were anxious and had 
poorer quality images due to excessive respiratory mo- 
tion. Therefore, the final study group comprised 18 nor- 
mal volunteers (8 men) aged between 19 and 69 years 
(mean + standard deviation 41 + 15). All subjects 
were studied on 2 separate occasions by NMR with a 
l- to 30-day interval between studies. 

Nuclear magnetic resonance imaging: Studies were 
performed on a 1.5-tesla imaging system with cardiac 
analysis software (Philips Gyroscan, Shelton, Connecti- 
cut). Spin echo scout images were used to determine 
the orientation of gradient echo cine NMR planes. Ac- 
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cordingly, 2 long-axis cine NMR planes (Figure 1) 
were acquired, as previously described!*: (1) 2-chamber 
plane—a single angulated plane parallel to the inter- 
ventricular septum intersecting the apex and the mid- 
mitral valve, and (2) 4-chamber plane—a double-an- 
gulated plane perpendicular to the interventricular sep- 
tum and orthogonal to the 2-chamber plane. 

Cine NMR acquisition parameters were: pulse flip 
angle 45 to 50°, echo time 12 to 14 ms, 4 measure- 
ments, 16 phases, and slice thickness of 8 mm. Long- 
axis images were acquired with 128 X 128 matrix reso- 
lution interpolated to 256 X 256 during reconstruction. 
Repetition times of 30 to 40 ms and acquisition times 
(6 to 10 min/scan) varied depending on the heart rate 
(range 48 to 88 beats/min). Total study time, includ- 
ing the initial scout views, was approximately 25 to 30 
minutes. 

Cine nuclear magnetic resonance image analysis: 
All image analysis was performed on-line, using soft- 
ware available on the imaging system. NMR images 
were initially displayed in a cine loop for viewing. The 
end-diastolic frame was the first image of the series ob- 
tained immediately (12 ms) after the R wave and be- 
fore the beginning of mechanical contraction. The end- 
systolic frame was chosen as the frame just before mi- 
tral valve opening, when the LV cavity is smallest. The 


FIGURE 1. Two-chamber and orthogonal 
4-chamber long-axis nuclear magnetic 
resonance (NMR) views in both diastole 
and systole. The left ventricle is planime- 
tered by the operator, and the long axis is 
defined by a line joining the apex and mid- 
mitral valve. (From Cranney et al.!3 Re- 
produced by permission of the American 
Heart Association, Inc., and the authors.) 


Systole 
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LV cavity area and length were determined by using a 
tracker ball (Figure 1). The mitral valve plane was de- 
fined by a straight line joining the hinge points of the 
mitral leaflets, which had previously been identified on 
the cine display. The length of the ventricle is deter- 
mined from a line joining the apex to the midpoint of 
the mitral valve plane. 

Long-axis NMR volumes were calculated by using 
the Sandler-Dodge biplane formula, which is used for 
LV volume determination by contrast ventriculography 
and which corrects for foreshortening of 1 of the views 
when present.!9 In NMR imaging, dimensional correc- 
tion factors are not needed, as the calibration is regular- 
ly checked with standard phantoms and rarely requires 
adjustment. Therefore, the equation simplifies to: vol- 
ume = (8 X A> X Aq )/(3 X m X Lmin), where Az is 
the 2-chamber area, A4 is the 4-chamber area and Lmin 
is the length of the shorter long axis. 

Two observers performed all measurements. Each 
observer was blinded to the results of the other. For 
assessment of intraobserver variability, one observer re- 
analyzed 18 studies randomly selected from the total of 
36 studies available. This second measurement was ob- 
tained, after an interval of =3 months, again without 
knowledge of the original measurements. The mean 
analysis time for each study was approximately 10 
minutes. 

Statistical methods: Interstudy, interobserver and 
intraobserver variability were assessed by using paired f 
tests to address potential systematic bias from study to 
study or from observer to observer. 

Estimation of variance components was used to esti- 
mate the amount of variance in a random measurement 
that is attributable to study or to observer differences. 
The results of the latter method are reported in 2 dif- 
ferent ways: (1) as the intraclass correlation coefficient 
measuring the strength of agreement between mea- 
sures, and (2) as the raw amount of uncertainty (re- 
ported in the measurement units) attributable to each 
source of variation. This method avoids the common- 
place pitfall of using simple linear regression (and the 
Pearson correlation coefficient), which does not mea- 
sure reliability or agreement, but which, assuming lin- 
earity, measures a general trend. Also, absolute differ- 
ences between measurements were calculated to assess 
variation and to allow comparison with other imaging 
modality studies that have used this method. 


RESULTS 

In this group of normal subjects, end-diastolic vol- 
ume ranged between 89 and 164 ml (mean 120 + 20), 
end-systolic volume ranged between 26 and 64 ml 
(mean 39 + 9) and ejection fraction ranged from 61 to 
75% (mean 67 + 4) (first study and first observer mea- 
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Measurements were made by the same observer. 
DV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume; 
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HR = heart rate; ID = subject identification number; SD = standard deviation; 1st = 
first study; 2nd = second study. 







surements). When the volumes were indexed to the 
body surface area (mean 1.73 + 0.22 m?), end-diastol- 
ic volume ranged between 55 and 86 ml/m? (mean 70 
+ 9) and end-systolic volume ranged between 16 and 
30 ml/m? (mean 23 + 5). 

Interstudy variability: Two studies, acquired on dif- 
ferent occasions, were obtained for all 18 subjects. 
There was no significant difference between the sub- 
ject’s heart rate at rest during the first (68 + 11 beats/ 
min) and second study (67 + 11 beats/min). The max- 
imal difference in heart rate between studies for any 
subject was 9 beats/min (Table I). 

The study-to-study comparisons of LV volumes and 
ejection fraction were based on data obtained by the 
same observer and are listed in Table I and displayed 
about the line of identity in Figure 2. There was no 
significant bias between the studies for the measure- 
ments obtained (Table II), except for end-diastolic vol- 
ume, where the average interstudy difference (mean + 
standard deviation, 3.1 + 7.2 ml) suggested a tendency 
for the second study readings to be slightly lower than 
those from the first study. The mean absolute differ- 
ence between studies (Table III) was low for all mea- 
surements: end-diastolic volume 6.6 + 4.0 ml, end- 
systolic volume 2.5 + 1.6 ml and ejection fraction 
1.9 + 1.4%. 

Estimation of the variance component was calculat- 
ed by using the square root component (s). A low com- 
ponent of the total variance was associated with study 
differences (end-diastolic volume: s = +5.4 ml; end- 


REPRODUCIBILITY OF CINE NMR MEASUREMENTS 1415 


Interstudy 
End-diastolic volume (ml) 
End-systolic volume (ml) 
Ejection fraction (%) 
Interobserver 


End-diastolic volume (ml) 

End-systolic volume (ml) 

Ejection fraction (%) 
Intraobserver 

End-diastolic volume (ml) 

End-systolic volume (ml) 

Ejection fraction (%) 


*Paired t test. 
Abbreviation as in Table |. 


systolic volume: s = +2.1 ml; ejection fraction: s = 
+1.69%). The intraclass correlation coefficient was 
0.93, 0.94 and 0.83 for end-diastolic volume, end- 
systolic volume and ejection fraction, respectively (p 
<0.0001 for all). The ejection fraction was less robust 
with respect to study variation, which is not surprising 
since it is calculated as a ratio. 

Interobserver variability: The first study acquired 
on each subject was separately evaluated by the 2 ob- 
servers to assess the amount of variance in a given mea- 
surement assignable to observer differences. Again, is- 
sues of both possible observer bias and of variation in a 
random reading due to observers were considered. Data 
are displayed in Figure 3. 

For measurement of end-systolic volume, there was 
no significant bias between the paired readings obtained 
by the 2 observers (Table II) (mean difference = —0.2 
+ 2.7 ml, p = 0.80). A small difference was again 
apparent in the end-diastolic volume readings between 
the 2 observers, where the first observer tended to mea- 
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Interstudy 
End-diastolic volume (ml) 
End-systolic volume (ml) 
Ejection fraction (%) 
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End-diastolic volume (ml) 
End-systolic volume (ml) 
Ejection fraction (%) 
Intraobserver 
End-diastolic volume (ml) 
End-systolic volume (ml) 
Ejection fraction (%) 


Mean = mean absolute difference between measurements. 
Abbreviation as in Table |. 


sure higher volumes than the second. The average dif- 
ference was 5.6 + 7.8 ml (p <0.01). Ejection fraction 
correspondingly revealed a small significant bias be- 
tween the 2 observers, with a mean difference of 1.7 + 
2.3% (p <0.01). However, despite these small biases, 
which primarily occurred in only a few patients, the 
mean absolute difference between observers (Table III) 
was low: end-diastolic volume 8.1 + 4.9 ml, end-sys- 
tolic volume 2.4 + 1.7 ml and ejection fraction 2.1 
+ 1.7%. 

Compared with interstudy variations, a higher com- 
ponent of the total variance of end-diastolic volume was 
associated with different observers (end-diastolic vol- 
ume: s = +6.6 ml, end-systolic volume: s = +1.9 ml, 
ejection fraction: s = +2.0%). The intraclass correla- 
tion coefficient was high (0.89, 0.96 and 0.84 for end- 
diastolic volume, end-systolic volume and ejection frac- 
tion, respectively [p <.0001 for all]). 

intraobserver variability: Eighteen studies were re- 
measured by the same observer in order to assess the 
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FIGURE 2. Interstudy variability. Plots compare data obtained from the first study with data obtained from the second study on 
the same subject. The line of identity is shown. EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume. 
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amount of variance in a given measurement assignable 
to intraobserver difference. Possible intraobserver bias 
and variations in a random reading due to intraobserver 
variation were considered. Data are displayed in Fig- 
ure 4. 

There was no significant bias between the first and 
second measurement for any of the parameters (Table 
II). Mean differences were as follows: end-diastolic vol- 
ume —0.3 + 8.4 ml, end-systolic volume —1.6 + 4.7 
ml and ejection fraction 1.2 + 3.1%. The mean abso- 
lute difference between studies (Table III) was also 
low: end-diastolic volume 6.5 + 5.1 ml, end-systolic 
volume 4.0 + 2.7 ml and ejection fraction 2.6 + 1.8%. 

The contribution of the intraobserver variance com- 
ponent to total variance was as follows: end-diastolic 
volume: s = 5.8 ml; end-systolic volume: s = +3.4 ml; 
ejection fraction: s = +2.3%). The intraclass correla- 
tion coefficient was high for end-diastolic and end-sys- 
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tolic volumes (0.95 and 0.91) but lower for ejection 
fraction (0.68). 


DISCUSSION 

The present study was conducted to evaluate the 
variability of volume and ejection fraction measure- 
ments in subjects with normal wall motion by using a 
recently reported gradient echo cine NMR approach. 
This new approach uses 2 imaging planes: (1) a long- 
axis, 2-chamber plane; and (2) a long-axis, 4-chamber 
plane. These planes are mutually perpendicular and 
aligned with respect to the true axes of the heart rather 
than the axes of the body. 

The determination of reproducibility and interob- 
server variability provides a frame of reference for ap- 
plying this method. Accordingly, to focus on variation 
due to the cine NMR technique rather than variation 
due to a change in clinical status, normal volunteers 
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FIGURE 3. Interobserver variability. Plots compare data obtained by different observers from the same study. The line of iden- 


tity is shown. Abbreviations as in Figure 2. 
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FIGURE 4. intraobserver variability. Plots 
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data obtained from the same study on 2 separate occasions by the same ob- 


compare 
server. Remeasurements were made after >3 months. The line of identity is shown. Abbreviations as in Figure 2. 
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were used so that the possibility of a true change in LV 
volumes was minimized. Two studies were excluded 
due to poor quality images, whereas 18 were included 
for analysis. 

Reproducibility of LV volumes and ejection fraction 
has been reported by different modalities.2° 28 Cohn et 
al? demonstrated that the variation in ejection fraction 
between sequential radiographic LV cineangiography 
during comparable hemodynamic states was approxi- 
mately 10 to 15%. This difference was explained main- 
ly by the limited resolution of cineangiography and by 
interobserver variability. McAnulty et al?! showed, in 
another radiographic LV cineangiography study, sub- 
stantial day-to-day high fluctuation as evidenced by 
large standard deviations of the mean LV volumes. 
Gordon et al** reported similar results for the reproduc- 
ibility of LV volumes by 2-dimensional echocardiogra- 
phy. Little variability was found in mean volume mea- 
surements, but the wide standard deviations for paired 
values indicated substantial differences between individ- 
ual subjects in the measurement of volumes and ejec- 
tion fraction. With use of radionuclide angiographic 
methods, the reproducibility of measurements of ejec- 
tion fraction in normal subjects?>-?’ is reported to be 
around 5% with wide variability, as shown by the stan- 
dard deviation for paired differences. Variability in end- 
diastolic volumes between studies reported by Upton et 
al?’ was 9.9 + 5.1 ml in normal subjects at rest, and 
9.8 + 6.2 ml during exercise; they concluded that a 
difference in end-diastolic volume of 220 ml between 
studies would be required for the change to be consid- 
ered meaningful. 

Recently, Semelka et al?® examined the reproduc- 
ibility of a stacked-slice short-axis cine NMR technique 
for determining LV volumes in 11 normal subjects. 
They also found good reproducibility between studies 
and reported percent variabilities of <6% for end-dia- 
stolic volume, <10% for end-systolic volume and <5% 
for ejection fraction. This technique represents an alter- 
native cine NMR technique to that in the current 
study; however, the total acquisition time is longer (60 
vs 30 minutes) and the analysis time (not reported) is 
also longer. 

The stacked short-axis approach has the theoretical 
advantage of encompassing the entire left ventricle and 
may be preferable for volume determinations if the ven- 
tricle is significantly deformed. However, for volume 
measurements, difficulty is often encountered in defin- 
ing the aortic and mitral valve planes, as the myocardi- 
al slice moves while the NMR imaging planes remain 
fixed in space.?? In contrast, the long-axis approach of- 
fers a more practical alternative, as the scans are faster 
and the valve planes and apex are well defined. Thus, 
for the short-axis approach to become more practical 
for determining LV volumes, new strategies will need to 


be developed that incorporate faster imaging tech- 
niques, automated analysis algorithms and tracking of 
the base of the ventricle (perhaps using an isotropic 3- 
dimensional approach). 

Current cine nuclear magnetic resonance study: 
The mean end-diastolic volume, end-systolic volume 
and ejection fraction found in the current study (70 + 9 
ml/m?, 23 + 5 ml/m? and 67 + 4%) were similar to 
normal values reported by Semelka et al? in a previous 
NMR study of 11 subjects, to data obtained by Kenne- 
dy,°? Wynne?! and their co-workers by using contrast 
ventriculography, and to values found in 11 normal vol- 
unteers in a study using ultrafast cine CT by Feiring 
et al.?? 

In the present biplane long-axis study, there was no 
significant change in heart rate between the 2 NMR 
examinations. Overall, there was a high consistency be- 
tween all measurements of end-diastolic volume, end- 
systolic volume and ejection fraction. Paired analysis of 
data did demonstrate a small but significant difference 
between observers for the end-diastolic volume and 
ejection fraction measurements, so that end-diastolic 
volume and ejection fraction were greater by observer | 
than by observer 2. However, the mean absolute differ- 
ence in both these measures between observers was low 
(end-diastolic volume 8.1 + 4.9 ml, ejection fraction 
2.1 + 1.7%) and the largest difference in ejection frac- 
tion between observers was only 6%. There was also a 
tendency for end-diastolic volume determined from the 
first study to be slightly higher than from the second 
study; however, this did not reach statistical signifi- 
cance. All other measurements failed to reveal any con- 
sistent difference between measurements. 

The variance component was low (less than +7 ml 
for volumes and less than +2.4% for ejection fraction) 
for interstudy, interobserver and intraobserver paired 
measurements. Intraclass correlation coefficients were 
also high for these paired measurements. These results 
and the absolute differences (Table III) revealed a rela- 
tively low variability when compared with those report- 
ed by other investigators using either echocardiography, 
or radionuclide or radiographic cineangiography meth- 
ods for the measurements of LV volumes and ejection 
fraction. 16-23 

Factors contributing to variability: The factors that 
might contribute to measurement variability can be di- 
vided into 2 categories: biologic and technical. Biolog- 
ic factors were unlikely to cause significant variation 
in the present study, in which all subjects were nor- 
mal volunteers, examined in a resting supine position. 
No significant change in heart rate occurred between 
studies. 

The technical factors involve data acquisition and 
analysis. Variability could occur during the set-up pro- 
cedure for image acquisition. The imaging plane may 
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not necessarily be the same from study to study in a 
given patient. In the present study, care was taken to 
define precisely the 2- and 4-chamber views based on 
the initial scouts obtained at each examination. This 
imaging strategy has become routine in our laboratory 
and thus variation is kept to a minimum. However, it is 
emphasized that appropriate angulation software and 
expertise is needed to obtain these planes. In the present 
study, interstudy data (analyzed by the same observer ) 
were not significantly different (Table II) and had low 
variability (Figure 2, Table III), suggesting that poten- 
tial differences in acquisition procedures were not a ma- 
jor factor in accounting for measurement variation. 

Analysis of images contains a subjective factor, 
which is demonstrated in the small but significant dif- 
ference between observers for end-diastolic volume and 
consequently ejection fraction. These small differences 
occurred in a few subjects and were thought to be due 
to minor differences in technique between observers 
when defining the mitral valve plane. During diastole, 
the mitral leaflets are wide open and care needs to be 
taken in identifying the hinge points before commenc- 
ing analysis. As with all operator-influenced techniques, 
considerable training is required to obtain consistent re- 
sults. Sheehan and Mitten-Lewis,*? in a recent article 
examining the accuracy of LV volumes determined by 
radiographic cineangiography, state that their “New 
technicians undergo 2 to 3 months of training before 
being tested on 20 ventriculograms previously analyzed 
by a senior technician.” It is possible that application of 
this principle could have removed the consistent small 
differences in end-diastolic volume and ejection fraction 
noted between observers in the current study. 

Potential study limitations: [t could be argued that 
the main limitation of the present study is that only 
subjects without known heart disease were included. 
The purpose of this study was to examine the intrinsic 
reproducibility of the NMR technique rather than be 
confounded by differences due to possible real changes 
in LV volumes and ejection fraction, which may occur 
on a day-to-day basis. Volumes obtained from patients 
may fluctuate because of myocardial ischemia or al- 
tered loading conditions due to drug therapy or changes 
in fluid balance. It is recognized that it is important to 
consider these effects in any serial patient study; how- 
ever, the technical issues affecting reproducibility need 
first to be addressed by studies such as this, before the 
biologic day-to-day variations can be examined in later 
studies. 

Second, although absolute determination of LV vol- 
umes using the cine NMR biplane technique has been 
validated against ventricular angiography in patients 
with abnormal wall motion,!4 the reproducibility results 
of the present study strictly apply only to ventricles with 
normal wall motion. A further study, with careful at- 


tention to the aforementioned problems of myocardial 
ischemia, is needed to evaluate reproducibility in se- 
rial studies of patients with regional wall motion abnor- 
malities. 

Last, although subjective analysis is not a limitation 
of the present study, the small but consistent interob- 
server errors do highlight the need for careful standard- 
ization of the analysis technique and the training of ob- 
servers, and confirm the importance of continued ef- 
forts to develop automated analysis and edge-detection 
algorithms. 
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EDITORIALS 


Need for a Standardized Approach to Grading 
Symptoms Associated with Ventricular 
Tachyarrhythmias 


Michael H. Lehmann, MD, Russell T. Steinman, MD, Marc D. Meissner, MD, 
Claudio D. Schuger, MD, Robert D. Mosteller, MD, and Mervat A. Nabih, MD 


4-tier system for grading symptom severity is a 
A widely accepted approach in patients with con- 

gestive heart failure or angina.':? Such a grad- 
ing system provides a standardized clinical “shorthand” 
that greatly facilitates inter-physician communication. 
Clinical electrophysiology is the one area of cardiology 
bereft of any established hierarchical system for grad- 
ing symptom severity. The lack of such a system is es- 
pecially glaring with regard to ventricular arrhythmias, 
which for 2 decades have been relegated to an electro- 
cardiographic-morphologic taxonomy? that offers no in- 
formation on how the patient fares during an episode of 
arrhythmia. 

In recent years, sustained ventricular tachyarrhyth- 
mias have been typically lumped together under a sin- 
gle category*!! and collectively termed “life-threaten- 
ing” or “malignant.”?-'! Although ventricular fibrilla- 
tion predictably precipitates cardiac arrest, sustained 
ventricular tachycardia has a broad range of hemo- 
dynamic expressions.'?-'? Therefore, indiscriminate 
grouping of these various sustained tachyarrhythmic 
entities obscures important differences that may exist in 
their clinical manifestations. Moreover, nonsustained 
ventricular tachyarrhythmias are clearly not necessarily 
“benign” (e.g., torsades de pointes). 

The lack of a universal system for grading symp- 
toms associated with ventricular tachyarrhythmias also 
confounds an accurate interpretation of the results of 
therapeutic interventions. For example, it is not uncom- 
mon for the end point in such studies to be “arrhythmic 
events,” a term that encompasses the full clinical spec- 
trum of tachyarrhythmias mentioned earlier. The de- 
gree of symptom severity constituting these events may 
vary enormously between individual patients and from 
one study to another. 

Recently, some investigators have begun to distin- 
guish between hemodynamically tolerated versus non- 
tolerated tachyarrhythmias.*'*:!? Although represent- 
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ing a welcome shift toward a symptom-oriented classifi- 
cation, this new approach has not been consistently ap- 
plied to tachyarrhythmias occurring outside of the 
electrophysiology laboratory.’ Moreover, a binary strat- 
ification based on hemodynamic effects may be an 
oversimplification, in that it assigns different degrees of 
symptom severity (e.g., syncope and cardiac arrest) to a 
single category. 


PROPOSED SYSTEM FOR GRADING THE 
SEVERITY OF SYMPTOMS ASSOCIATED 
WITH VENTRICULAR 
TACHYARRHYTHMIAS 

The usefulness and broad appeal of a 4-tier system 
for grading symptoms of congestive heart failure or an- 
gina suggest that such an approach may serve as a par- 
adigm for constructing a hierarchy of symptom severity 
for ventricular tachyarrhythmias. Following this line of 
reasoning, we propose a 4-tier system for classify- 
ing symptoms associated with spontaneous ventricular 
tachyarrhythmias. The most severe symptoms appear- 
ing during a given episode of tachyarrhythmia, before 
an intervention, would serve to define the symptom 
class for that tachyarrhythmia (Table I). 

The proposed symptom-grading system can be used 
regardless of whether a tachyarrhythmia is sustained, 
nonsustained, monomorphic or polymorphic. For exam- 
ple, the symptoms associated with nonsustained ventric- 
ular tachycardia are usually of class I, but may be as 
severe as Class III (e.g., torsades de pointes with synco- 
pe). While ventricular fibrillation—unless rapidly ter- 
minated—is confined to class IV, sustained ventricular 
tachycardia can manifest with any of the 4 symptom 
classes.!2-!7 Although class III is usually limited to syn- 
cope, it may include other evidence of secondary end- 
organ dysfunction, such as cardiogenic shock resulting 
from drug-induced incessant ventricular tachycardia. 

The proposed grading system assumes that a clear 
cause and effect relation is established between the doc- 
umented ventricular tachyarrhythmia and the observed 
symptoms. This may be especially difficult with regard 
to class III. On the other hand, even when a ventricular 
tachyarrhythmia is clearly secondary to some acute or 
subacute process (e.g., electrolyte abnormality, myocar- 
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TABLE I Proposed Four-Tier System for Grading the 
Severity of Symptoms Caused by Ventricular 
Tachyarrhythmias* 


Class | 
Class II 
Class III 


Asymptomatic or limited to palpitations or fluttering 

Lightheadedness, dizziness, chest pain or dyspnea 

Syncope or altered mental status or other evidence of 
significant secondary end-organ dysfunction (including 
pulmonary edema, acute MI, low-output state, or stroke) 


ClassiV Cardiac arrest (absent pulse and respiration) 


* It is assumed that the tachyarrhythmias are documented, ideally by electrocar- 
diographic recordings, or at least attested to by medical or paraprofessional person- 
nel 


MI = myocardial infarction. 


dial infarction, etc.), it is still valid and meaningful to 
assign the symptoms of arrhythmia a class based on 
criteria in Table I. In such a case, however, it would be 
necessary to clarify that the arrhythmia is indeed secon- 
dary to some primary derangement. 

The proposed grading system can be used to classify 
symptoms for each variety of arrhythmia in a patient 
with multiple, documented ventricular tachyarrhyth- 
mias. Yet, no matter how broad the spectrum of ven- 
tricular tachyarrhythmias may be in a given patient, 
one will always be able to refer to the maximum (or 
most severe) symptom class for that person. Such an 
approach would also overcome any potential ambiguity 
that might result from a tachyarrhythmia exhibiting 
>] symptom class at different times or under different 
conditions (e.g., supine vs upright position). 

While it might seem relevant to include blood pres- 
sure as a qualifier to symptom classes I and II, this 
parameter is not always available from the patient’s 
history. More important, it is difficult to define a uni- 
versally applicable blood pressure cut-off value, as pa- 
tient tolerance of hypotension can vary widely.!3-!5 In 
some cases, relative changes in blood pressure or time 
course of compensatory reflexes during tachycardia are 
as important to symptom production as absolute values. 


ADVANTAGES OF A VENTRICULAR 
TACHYARRHYTHMIA SYMPTOM-GRADING 
SYSTEM 

The most obvious benefit of a standardized symp- 
tom-grading system would be to improve the precision 
of communication between physicians caring for pa- 
tients with ventricular tachyarrhythmias. Once charac- 
terized, the maximum symptom class can be weighed, 
together with the type of underlying heart disease (if 
present) and status of ventricular function, before a de- 
cision is made to embark on antiarrhythmic interven- 
tions with their known risks.?°-24 

A standardized symptom-grading system also may 
be used to stratify arrhythmic events in clinical trials, 
thereby helping to gauge the effectiveness of various 
interventions in patients at increased risk for arrhyth- 





mic death. In the setting of an implantable cardio- 
verter-defibrillator, a tachyarrhythmia-induced dis- 
charge (documented by intra- or extracardiac record- 
ings) can be labeled according to the symptom class | 
immediately preceding the shock. Thus, the impact of 
device therapy on a patient’s overall arrhythmic event 
profile may be readily assessed within the proposed 
grading system. 


POTENTIAL RELATION BETWEEN 
MAXIMUM VENTRICULAR 
TACHYARRHYTHMIA SYMPTOM CLASS 
AND PROGNOSIS 

While a standardized symptom-grading system for 
spontaneous ventricular tachyarrhythmias has intrinsic 
usefulness in clinical management, a correlation with 
prognosis would enhance its value. However, the exis- 
tence of patients with multiple ventricular tachyar- 
rhythmias associated with different symptom classes 
tends to obscure any potential link between symptom 
class and long-term survival. Perhaps this confounding 
factor can be circumvented by focusing on the maxi- 
mum symptom class for a given patient. Recent reports 
from several institutions,'®!?73-27 with one exception,?8 
suggest that patients with a history of tachyarrhythmia- 
related cardiac arrest or syncope are more prone to sud- 
den death than those with a history of sustained ven- 
tricular tachycardia causing only class I or II symp- 
toms. Such a dichotomy is not surprising in view of 
differences in pathophysiologic and electrophysiologic 
findings corresponding to these clinical categories.29-32 
Hence, there is reason to believe that the maximum 
symptom class of a patient’s spontaneous sustained ven- 
tricular tachyarrhythmias may prove to be prognosti- 
cally significant. This should not be taken to imply that 
sustained ventricular tachycardias with class I or II 
symptoms are totally benign, as sudden death is cer- 
tainly a possible outcome in some patients who present 
with these tachyarrhythmias.'?73-*”? Appropriately de- 
signed prospective studies that take into account other 
relevant cardiologic variables are clearly needed to ex- 
plore the differential impact on long-term outcome, if 
any, of 1 maximum symptom class versus another. 


FUTURE CONSIDERATIONS 

For conducting therapeutic trials in patients at risk 
for sudden death, it would be desirable to have a system 
enabling one to characterize tachyarrhythmias compre- 
hensively—both spontaneous and _ laboratory-induced. 
Such a system could be used to track changes in the 
expression of particular arrhythmias over the study pe- 
riod. The proposed 4-tier symptom-grading system 
could be readily incorporated into this scheme. An ad- 
ditional category (perhaps class 0) might be introduced 
to denote a previously observed tachyarrhythmia that, 
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over the course of the trial, either does not recur or is 
rendered noninducible. 

Electrophysiologic qualifiers to be considered in 
such a comprehensive classification are: setting of onset 
of tachycardia (spontaneous vs electrically induced), 
morphology, cycle length, duration (sustained vs non- 
sustained), mode of electrical induction (number of ex- 
trastimuli), patient position (supine vs upright), and 
presence or absence of therapy. Also relevant would be 
mode of termination of tachyarrhythmia (spontaneous 
or drug-mediated or electrically mediated) versus un- 
successful resuscitation. 


CONCLUSION 

Given the complexities of decision-making with re- 
gard to the management of ventricular arrhythmias 
in this post-Cardiac Arrhythmia Suppression Trial 
era,20-22 it is essential that we develop a simple, broadly 
applicable, semiquantitative scheme for grading symp- 
tom severity of spontaneous ventricular tachyarrhyth- 
mias. A 4-tier grading system, such as currently pro- 
posed, is one approach in this direction. The need for us 
to complement electrocardiographic categorizations of 
ventricular tachyarrhythmias with a systematic ap- 
proach to symptom grading that will foster meaningful 
communication among physicians is more than an idea 
whose time has come—it is long overdue. 
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The Implantable Defibrillator Backlash 


Richard N. Fogoros, MD 


has been one of the most remarkable advances 

during the past decade for the treatment of le- 
thal arrhythmias. Seldom has there been a medical 
therapy the efficacy of which has seemed so dramatic 
and so obvious. Published information that documents 
the efficacy of the ICD comes from multiple institu- 
tions, and encompasses several methodologies, includ- 
ing historical control subjects,!~+ hypothetical expected 
mortality based on first shocks in a single cohort,>~’ 
nonrandomized but contemporary cohorts, and case- 
controlled studies.’ These studies indicate that the ICD 
prevents sudden death in patients at an extremely high 
risk for this event, and that the ICD results in a rela- 
tively low overall mortality rate. The first 3,610 high- 
risk patients who received the ICD had a sudden death 
mortality of only 2% at 1 year and 6% at 5 years, and a 
total mortality of only 10% at 1 year and 30% at 5 
years, despite a mean left ventricular ejection fraction 
of only 33%.? Similar survival figures have been report- 
ed in the largest series from a single institution* and in 
a large investigator-edited multicenter series.'° In gen- 
eral, results reported with the ICD are much better 
than for other types of therapy in similar patients.!! 

Although when taken as a whole the evidence sup- 
porting the efficacy of the ICD is quite impressive, 
there are problems with many of these studies. One 
problem is the relatively sparse use of actuarial analy- 
sis, especially in the early reports on results with the 
ICD. The failure to apply actuarial analysis to longitu- 
dinal data makes many of these early reports difficult 
to interpret. 

More important, there has never been a randomized 
controlled trial with the ICD. Such a study should have 
been conducted at the very beginning. The failure to 
randomize was due largely to the original goal of the 
investigators, which was to see whether the ICD could 
actually prevent sudden death in high-risk patients. As 
it turned out, the ICD quickly demonstrated its clear- 
cut ability to terminate lethal arrhythmias, thus quickly 
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rendering a randomized trial difficult, if not unethical, 
in the type of high-risk patients who typically receive 
these devices (i.e., patients presenting with sustained 
ventricular tachyarrhythmias that do not respond to 
drug therapy). 

Because the ICD was so clearly effective in termi- 
nating lethal arrhythmias, the lack of a randomized tri- 
al seemed until recently to have been a relatively minor 
oversight. However, during the past 2 years, several 
prominent persons have issued a serious challenge to 
the notion that the ICD confers significant benefit on 
its recipients. While conceding the ability of the ICD to 
terminate lethal arrhythmias efficiently, these persons 
ask, in effect, “So what? Don’t these patients die any- 
way of their underlying heart disease? Is there really 
any significant overall benefit conferred by the ICD?” 
Once this challenge was issued, the lack of a random- 
ized trial loomed large. 

The challenge to [CD benefit has been put forth 
most clearly by Dr. Seymour Furman, editor of PACE, 
in a March 1989 editorial entitled “AICD Benefit.” !2 
In that editorial, which has served as a touchstone for 
critics of the ICD, Dr. Furman focused for the first 
time the challenge to the efficacy of the ICD. Specifi- 
cally, he defined 3 arguments that he rightly felt had 
not been adequately addressed in published reports: Ar- 
gument | suggests that many patients who received the 
ICD did not need it, thus “inflating” the reported sur- 
vival statistics. Argument 2 suggests that patients who 
require shocks from their [CDs are likely to have more 
significant heart disease than patients who do not re- 
quire shocks, and may thus be prone to nonsudden car- 
diac death, even if rescued by their ICDs. Argument 3 
suggests that, as true “ICD benefit” can be said to be- 
gin only after the first appropriate shock, survival 
curves should be calculated from this point, and not 
from the time of implantation. Since its publication, 
this editorial has generated a vigorous response, and all 
3 of these arguments now have been addressed in the 
literature. 


REFUTING THE ARGUMENTS 

Argument 1: Only a minority of patients who re- 
ceive the ICD require shocks; therefore, those who 
prescribe the ICD need to select their patients more 
carefully. At the time Dr. Furman’s editorial was writ- 
ten, this argument was consistent with the available lit- 
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erature. However, in view of new data, it is now clear 
that the basic premise of this argument, that only a 
minority of patients receive shocks, is wrong. The inci- 
_ dence of appropriate shocks from the ICD is, like the 
incidence of death, a longitudinal statistic, the value of 
which is meaningful only when calculated actuarially. 
Early reports failed to do this, and simply reported the 
proportion of ICD recipients who had received shocks 
at the time of data analysis. New actuarial data from 
several centers show that the cumulative incidence of 
appropriate shocks steadily increases for several years 
after implantation, and that, generally, by | or 2 years 
after implantation, a clear majority of ICD recipients 
have received >1 shock. In our series,!> the actuarial 
incidence of appropriate shocks was 33% at 1 year, 
50% at 2 years and 64% at 4 years. In the study of 
Myerburg et al,'* this value was 67% at 16 months, in 
Veltri et al!> it was >50% at 20 months, and in Mer- 
cando et al’ it was >80% at 4 years. 

The natural history of the type of high-risk patient 
who typically receives the ICD is known.!'® Not all of 
these patients have recurrent arrhythmias; in fact, their 
actuarial incidence of recurrent arrhythmic events is re- 
markably similar to the actuarial incidence of appropri- 
ate shocks reported for ICD recipients. It is not reason- 
able to expect ICD recipients to have even more recur- 
rent events than do patients who have the highest 
statistical risk yet identified. 

Using appropriate statistical methods, then, it would 
appear that patient selection for the ICD has been quite 
on target. Contrary to the suggestion that more dis- 
crimination should be used in selecting candidates for 
the device, actuarial data suggest that the indications 
for the ICD might be appropriately liberalized. 

Argument 2: JCD recipients should be analyzed 
as 2 separate groups—those who have received 
shocks and those who have not. There are 2 premises 
to this argument: first, those patients who have not re- 
ceived shocks have not benefited from their ICD and 
should not be included in a discussion of ICD “bene- 
fit”; second, patients who have received appropriate 
shocks are inherently different—that is, sicker and 
more prone to nonarrhythmic death—than those who 
have not received shocks. 

Regarding the first premise, the issue of whether the 
ICD can benefit patients who have not yet required 
shocks is not as simple as it may seem. Recipients of 
the ICD can sometimes be treated without antiarrhyth- 
mic drugs, thus avoiding potential toxicities (including 
proarrhythmia). Furthermore, data exist that suggest 
that high-risk patients who receive the ICD can derive 
significant psychological benefit simply by virtue of 
having the device.!7:!8 


The second premise would seem to have some valid- 
ity, as patients with very poor ventricular function have 
a higher likelihood of lethal arrhythmias than patients 
with more normal ventricular function. Thus, patients 
who receive shocks may be inherently “sicker” than 
those who do not. While this argument is logical, pub- 
lished data to date show that the major discriminator 
between patients who have received shocks and those 
who have not appears to be length of follow-up (and 
not ventricular function). 

Veltri!? compared clinical variables between 123 
ICD recipients who had required appropriate shocks 
and 129 who had not. There was no significant differ- 
ence between these 2 groups in mean ejection fraction 
or in the proportion of patients with ejection fractions 
<35% or <20%. Furthermore, the actuarial incidence 
of sudden death and total death was not significantly 
different between the 2 groups. Others have found the 
same thing.” What was significantly different between 
the 2 groups in Veltri’s study was that patients who 
required shocks had a longer mean follow-up after im- 
plantation than patients without shocks (30 vs 18 
months, p = 0.001). Our own data!? are similar. Our 
patients with appropriate shocks had a mean follow-up 
of 30 months, versus 15 months for those without 
shocks (p <0.02). 

This finding may seem surprising until one considers 
that the incidence of appropriate shocks is a cumulative 
statistic that gradually increases over time and that, ul- 
timately, the majority of patients with the ICD require 
shocks. Segregating patients at an arbitrary point in 
time by whether they have received shocks yet or not 
has not been, then, a very worthwhile exercise. 

The real question raised in Argument 2 is whether 
patients with severe underlying cardiac disease are sig- 
nificantly benefited by the ICD, even if they are res- 
cued by the device. This question can best be ap- 
proached by directly examining [CD recipients with 
severe underlying cardiac disease (rather than by ap- 
proaching it indirectly, examining patients who have re- 
quired shocks). 

There are published data that do so. We compared 
the cumulative overall survival rate to the projected sur- 
vival rate had the ICD not been implanted in 40 sud- 
den death survivors with severe cardiac dysfunction 
(ejection fraction <30%) and in 79 sudden death survi- 
vors with more moderate cardiac dysfunction (ejection 
fraction =30%).® Projected survival was based on the 
assumption that the first appropriate shock from the 
ICD marked what would have been the time of death 
had the ICD not been present. (This assumption is a 
reasonable one. The fact that 84% of recurrences of 
arrhythmic events in a nonrandomized control group 
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treated without the ICD were fatal® is a chilling rein- 
forcement of the idea that most appropriate shocks are 
life-saving.) We found that although the overall mortal- 
ity was indeed higher in patients with poor cardiac 
function, total mortality was nonetheless significantly 
reduced by the ICD (their 3-year survival rate was 
67%, compared with a projected survival rate of 6%, p 
<0.001). Tchou et al° reported similar results. Thus, 
the ICD can significantly prolong survival in high-risk 
patients with severe underlying cardiac disease. 

Implicit in Argument 2 is the notion that patients 
with less severe cardiac disease may not receive as 
much benefit from the ICD, because they are less likely 
to use their device. On the contrary, our 79 patients 
with only moderate cardiac dysfunction also benefited 
substantially from their ICDs: Their 3-year survival 
rate was 96%, compared with a projected survival rate 
of 46% without the ICD (p <0.001). 

Argument 3: /n estimating ICD benefit, one 
should compute the survival of ICD recipients from 
the time of their first appropriate shock, and not 
from the time of implantation. The ability even to 
raise this argument stems from the fact that, unlike any 
other form of preventive therapy in medicine, the [CD 
often allows one to determine precisely when it has act- 
ed to prevent that which it is meant to prevent. 

The problem with such an analysis is twofold. First, 
holding the ICD to this type of standard is simply un- 
reasonable. Since no other therapy for lethal arrhyth- 
mias can be subjected to a similar analysis, ICD surviv- 
al data calculated in this way would be at a significant 
disadvantage when compared with survival data for all 
other available treatments. 

Second, the accepted statistical method when assess- 
ing a new therapy is by intention to treat. With the 
method suggested in Argument 3, a patient with the 
ICD would not even be entered into actuarial analysis 
until after the first appropriate shock. Thus, a patient 
whose death was accelerated by a complication of the 
ICD might very well not even appear in the analysis. 
Conversely, a patient who was in fact rescued by the 
ICD but whose shock did not meet strict criteria for an 
“appropriate shock” would also be inappropriately ex- 
cluded from the survival analysis. Such highly irregular 
survival curves would be very difficult to interpret. 

Nonetheless, the type of analysis suggested in Argu- 
ment 3 has been performed. In our series,!* the actuar- 
ial survival of ICD recipients who received appropriate 
shocks, with time 0 taken as the time of the first appro- 
priate shock, was 72% at 4 years. This survival rate, 
which amounts to an actuarial estimate of the prolon- 
gation of life conferred by the ICD, seems quite im- 
pressive, and compares favorably with the overall sur- 
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vival rate for all ICD recipients, calculated from the 
time of implantation (76% at 4 years). 

Following Argument 3 to its logical limits, measur- 
ing [CD “benefit” will ultimately require waiting until 
all patients rescued by the ICD die, then calculating the 
time added to their lives (i.e., from the first appropriate 
shock to the time of death). In our series, which consid- 
ered only patients who were rescued by their devices 
and who subsequently died, the mean survival after the 
first appropriate shock was 19 months.® Similar results 
were obtained by Myerburg,'* by Levine?! and their 
co-workers. Thus, even if one accepts the proposed 
strict definition of ICD benefit, the benefit conferred by 
the device seems quite substantial. 

The challenge to ICD therapy has thus generated a 
vigorous response in the medical literature. Considering 
these new data, even if one is not impressed by the 
overall 5-year survival of ICD recipients (and one has 
every right not to be, given the lack of a randomized 
trial), the evidence now strongly supports several im- 
portant points. First, patient selection for the ICD, to 
date, has been quite appropriate, based on the cumula- 
tive incidence of shocks. Second, the ICD significantly 
prolongs survival in high-risk patients with severe heart 
disease, as well as in patients with only moderate heart 
disease. Third, in considering only patients who have 
received appropriate shocks from their ICD, life is sig- 
nificantly prolonged, and death significantly delayed, 
even in those patients who die within the period of anal- 
ysis. 

Thus, the challenge to ICD benefit has proven very 
worthwhile. It has led many to a useful reconsideration 
of preconceived notions of “benefit,” and ultimately has 
led to a strengthening of the documentation of ICD 
efficacy. Finally, it has made plain that the failure to 
conduct a randomized trial was not a minor oversight, 
but was in fact a major flaw. The lack of a randomized 
trial with the ICD in high-risk patients has left the 
question of ultimate benefit an open one. It appears 
that there will never be a formal, statistically perfect 
measurement of ICD benefit in such patients. 

Although the lack of a randomized trial is a prob- 
lem, it is not a fatal one. As noted, careful and thought- 
ful analysis of available data, using appropriate statisti- 
cal methods, has now made a strong case that the ICD 
offers significant benefit to high-risk patients (strong 
enough, for instance, to essentially preclude on ethical 
grounds the institution of a randomized trial in such 
patients). 

Thus, although those of our colleagues who have 
challenged the notion of ICD benefit have performed a 
valuable service, it is time to recognize that, to a rea- 
sonable extent, the challenge has been met. Based on 
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the large body of evidence supporting ICD efficacy, one 
is now obliged to at least consider implanting an ICD in 
patients presenting with sustained, life-threatening ven- 


tricular tachyarrhythmias that are not suppressible by 
antiarrhythmic drugs. The challenge to ICD benefit 


should in no way give comfort to those physicians who, 
for whatever reason, remain disinclined to consider such 
therapy for appropriate patients. 

This is not to say that the issue of ICD benefit is 
resolved and should be immune from further discus- 
sion. On the contrary, given the imperfect nature of 
these data, this can never be the case. In addition, new 
issues regarding the efficacy of the ICD are ripe for 
challenge. What, for instance, will happen to survival 
curves when institutions with little experience in man- 
aging patients with high-risk arrhythmias undertake an 
ICD program? What will be the impact on survival of 
new generations of ICDs that are less “physician- 
proof,” and that will tempt us to delay a life-saving 
shock in order to try “milder” therapies first? The con- 
tinued critical examination of these issues, among oth- 
ers, is mandatory. 

The most important lesson to be learned from the 
present controversy over ICD benefit is of using ade- 
quate methodology when evaluating any new therapy, 
even one the benefits of which (if it functions as de- 
signed) seem as “obvious” as do those for the ICD. 
Randomized controlled trials and the routine use of ac- 
tuarial analysis might have averted this controversy. 
That the challenge to ICD benefit may be partially re- 
sponsible for the well-designed studies with the ICD 
now being conducted in low-risk patients is perhaps the 
most beneficial result of the raising of this provocative 
issue. 
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BRIEF REPORTS 


Diurnal Change in QT Intervals in Dilated Cardiomyopathy and 


Hypertrophic Cardiomyopathy 


Atsuko Yanagisawa-Miwa, MD, Hiroshi Inoue, MD, and Tsuneaki Sugimoto, MD 


n patients with cardiomyopathy, cardiovascular re- 
Í sponses to catecholamines and related substances 

are known to differ from those in normal subjects. !-4 
In the case of hypertrophic cardiomyopathy (HC), the 
presence of hyperreactivity of the adrenergic system is 
suggested by several clinical features. The increase in 
left ventricular contractility induced by isoproterenol or 
epinephrine is greater in patients with HC than in normal 
subjects."? In dilated cardiomyopathy (DC) or failing 
hearts, systemic levels of norepinephrine are often elevat- 
ed markedly, indicating generalized sympathetic activa- 
tion to compensate for congestive heart failure. The 
positive inotropic effect of 6-adrenergic receptor agonists 
is, however, known to be attenuated in patients with 
DC.?4 In the present study, we determined cardiac re- 
sponses to change in autonomic nervous tone in patients 
with HC and in those with DC by using 2 indirect 
measures of autonomic nervous function: diurnal change 
in QT intervals’*® and variation in RR intervals.?:!9 

Twenty subjects underwent 24-hour ambulatory 
electrocardiographic monitoring (Fukuda Denshi SM 
26). Six patients with DC (5 men and 1 woman, mean 
+ standard deviation 51 + 10 years old), 7 patients 
with HC (5 men and 2 women, 50 + 11 years old) and 
7 age- and sex-matched control subjects (6 men and 1 
woman, 51 + 10 years old) were enrolled in the study. 
All control subjects and HC patients were outpatients. 
Of the 6 with DC, 3 were outpatients and 3 were 
inpatients. The diagnosis of DC and HC was made by 
conventional criteria for echocardiographic and cath- 
eterization studies. Briefly, in HC, there was a nondi- 
lated hypertrophic left ventricle and asymmetrical 
septal hypertrophy without any other known causes of 
hypertrophy. The interventricular septal thickness 
was >15 mm with a septal/posterior wall ratio of 
> 1.3. DC is characterized by an increase in end-dia- 
stolic left ventricular internal dimensions of >55 
mm, with a decrease in fractional shortening of <25%. 
Functional status of patients was New York Heart 
Association class I to II. Control subjects had no 
evidence of organic heart disease by history, physical 
examination, electrocardiography and echocardiog- 
raphy. All subjects met the following entrance crite- 
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ria: (1) no medication, (2) atrial or ventricular prema- 
ture complexes <1,000/24 hours, (3) absence of atrio- 
ventricular block, and (4) absence of intraventricu- 
lar conduction disturbance, i.e., ORS duration <0.10 
second. 

Electrocardiograms of approximately 10 seconds 
were printed out at a paper speed of 25 mm/s every 30 
minutes throughout the 24-hour recording. Tracings 
with premature complexes were excluded from analy- 
sis. The QT interval was determined from the begin- 
ning of the ORS complex to the end of the T wave in 6 
consecutive complexes with stable isoelectric line re- 
cordings. The point at which the tangent drawn to the 
steepest portion of the downsloping T wave intersected 
the isoelectric line was used as the end of the T wave.’ 
Means of 6 consecutive RR and OT intervals were 
used to represent each tracing. Each hour of continu- 
ous electrocardiographic recording was coded for ei- 
ther the waking or sleeping state by examining the 
subject's diary. 

RR intervals of all complexes excluding prema- 
ture complexes throughout the 24-hour recording 
were determined in each subject with a digitizing ana- 
lyzer (Fukuda Denshi SCM-280). During the sleep- 
ing state, 8 points where the heart rate had been al- 
most constant for 5 minutes were selected. The coeffi- 
cient of variation (CV) of the RR interval of these 
points was calculated with the following formula: CV 
= standard deviation/mean (X 100%). 

Data are expressed as mean + standard deviation. 
Two-way analysis of variance was performed on QT 
and RR intervals. A linear regression line of QT inter- 
val versus RR interval was constructed with least- 
square analysis for the sleeping and waking states 
over the range of RR intervals common to both states. 
The QT interval at an RR interval of 1,000 ms was 
calculated. The regression lines for the sleeping and 
waking states were compared with the residual mean 
squares test.!' Statistical significance was set at p 
<0.05. 

Pertinent data are summarized in Table I. Repre- 
sentative examples of the relation between QT and 
RR intervals are shown in Figure 1. In the normal 
subjects studied, the QT interval was significantly 
longer during the sleeping state than the waking state 
(Table I, Figure 1). The mean slope of the regression 
line for the waking state did not differ from that for 
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TABLE I Data of Linear Regression Lines of QT Intervals Versus RR Intervals 


0.102 + 0.043 0.096 + 0.029 
0.109 + 0.027 0.098 + 0.020 
0.185 + 0.050" 0.188 + 0.028! 


* p <0.01 vs. awake state. 
t p < 0.05 vs. control subjects. 





Calculated QT (ms) at an RR 
Intercept Interval of 1,000 ms 


Awake Awake Asleep 


317 +29 361 + 46* 419 +37 457 + 62* 
343 + 20 352 + 26 452 +31 450 + 42 
295 + 28 293 + 30 480 + 47t 481 + 52! 


Cont. = contro! subjects; DC = dilated cardiomyopathy; HC = hypertrophic cardiomyopathy. 


the sleeping state. In contrast, the mean intercept was 
smaller for the waking state than for the sleeping state 
(Table 1). All subjects had significantly different lin- 
ear regression lines for the 2 states (p <0.01). The 
calculated OT interval at an RR interval of 1,000 ms 
was longer during the sleeping state than during the 
waking staie (Table I). 


QT(sec) 
0.5 


CONTROL (51m) 


QT(sec) 
0.5 





FIGURE 1. Relation between QT (ordinate) and RR (abscissa) 
intervals in waking and sleeping states in a normal control 
subject (top panel), a patient with dilated cardiomyopathy 
(DC) (middle panel) and a patient with hypertrophic cardiomy- 
opathy (HC) (lower panel). Open and closed circles are data 
points during the sleeping state and the waking state, respec- 
tively. Dotted and solid lines indicate the regression line for 
the sleeping state and waking state, respectively. 


Each DC patient had almost the same linear re- 
gression line during the sleeping and waking states 
(Table I, Figure 1). The mean values of the slope and 
intercept for the waking state were almost the same as 
those for the sleeping state (Table I). The slope of the 
regression line was almost the same as that for normal 
subjects. The intercept was similar to that for the 
sleeping state of normal subjects. Calculated QT in- 
tervals at an RR interval of 1,000 ms were similar to 
those for the sleeping state in normal subjects. 

Each HC patient had almost the same linear re- 
gression line during the sleeping and waking states 
(Figure 1). Consequently, neither the mean value of 
the slope nor the intercept differed between the 2 
states (Table I, Figure 1). The slopes were significant- 
ly steeper than those of normal subjects (Table I). The 
intercept was smaller than that for the waking state of 
normal subjects, but the difference was not statistical- 
ly significant. Calculated QT intervals at an RR inter- 





FIGURE 2. Coefficient of variation (CV) of RR intervals in the 
sleeping state in 3 study groups. Cont = control; DC = dilated 
cardiomyopathy; HC = hypertrophic cardiomyopathy. 
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val of 1,000 ms were longer than those of normal 
subjects (Table 1). 

In control subjects, the coefficient of variation of 
the RR interval during sleep was 2.89 + 0.57, almost 
the same as that of patients with DC (2.92 + 0.59, 
difference not significant). In contrast, the coefficient 
of variation of the RR interval in patients with HC 
was significantly smaller (2.14 + 0.39, p <0.05) than 
that of control subjects (Figure 2). 

The present study indicated that the QT intervals of 
our control subjects lengthened during the sleeping state, 
a finding consistent with a previous study.’ This may be 
due to changes in the balance between sympathetic and 
parasympathetic tone. When the net autonomic effect on 
sinus node remains constant, thereby yielding the same 
RR intervals, the net effect on the ventricle could be 
variable with resultant differences in QT interval because 
of the predominant effect of sympathetic tone on the 
ventricle. '*-'4 Other factors, including serum electrolytes 
and hydrogen ion concentration, may influence the QT 
interval as well as the RR interval, and may vary during 
the sleeping and waking states.’ These factors were not 
evaluated in the present study. 

The coefficient of variation of RR intervals is an 
indirect index of autonomic nervous tone, especially 
parasympathetic tone.?!° In the resting supine position, 
sympathetic nervous tone does not increase, and the coef- 
ficient of variation of RR intervals is therefore influenced 
chiefly by parasympathetic tone. In the present study, the 
coefficient of variation of RR intervals was determined to 
compare parasympathetic function during the sleeping 
state among 3 study groups. 

In patients with DC, the shortening of QT intervals 
during the waking state was lost, suggesting that sympa- 
thetic effects might be attenuated during this state. The 
Slope of regression lines in patients with DC was not 
different from that in normal subjects. These results may 
have some relevance to previous data on receptor charac- 
teristics in patients with DC, which included a decreased 
number of cardiac 6-adrenergic receptors and no change 
in the sensitivity of the receptors.4 The coefficient of 
variation of RR intervals in the sleeping state did not 
differ between patients with DC and normal subjects, 
suggesting that parasympathetic effects were preserved 
in patients with DC. 

In patients with HC, the slope of the regression lines 
was significantly steeper than that in normal subjects. 
Consequently, the QT intervals at an RR interval of 
1,000 ms were longer in these patients than in normal 
subjects. This indicated that slight differences in sym- 
pathetic tone, which affected RR intervals to a small ex- 
tent, caused greater differences in QT intervals. In 
other words, the response of ventricular myocardium to 
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changes in sympathetic tone might be greater in these 
patients than in normal subjects. This probably has some 
relevance to the increased function of cardiac B-adrener- 
gic receptors in HC.!:!> In patients with HC, the coeffi-~ 
cient of variation of RR intervals during the sleeping 
state was smaller than that of normal subjects, indicating 
that response to parasympathetic tone during sleep was 
attenuated in patients with HC. The attenuated response 
to parasympathetic tone might explain, at least in part, 
the absence of the difference between the regression lines 
during the sleeping state and the waking state. 

These results indicated that patients with cardio- 
myopathies have different electrophysiologic responses 
to autonomic nervous tone from normal subjects, even 
in mild forms of cardiomyopathies. Our methodology 
might be useful for investigating the pathogenesis of 
cardiomyopathies in relation to altered response to auto- 
nomic nervous tone. 
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Left Atrial Endocardial Lipid Deposits and Absent to Minimal Arterial 


Lipid Deposits in Familial Hyperchylomicronemia 


Sonya Malekzadeh, BA, Frederick A. Dressler, MD, Jeffrey M. Hoeg, MD, 
H. Bryan Brewer, Jr., MD, and William C. Roberts, MD 


proteinemia) is a rare autosomal recessive disor- 

der characterized by severe chylomicronemia sec- 
ondary to a congenital deficiency of either lipoprotein 
lipase or apolipoprotein C-II.! In 1983, the presence of a 
lipoprotein lipase inhibitor (which appears to be inherited 
as an autosomal dominant disease) as an additional cause 
of this disease was identified.'* Familial hyperchylomi- 
cronemia generally manifests itself in infancy or early 
childhood as repeated attacks of abdominal pain and as a 
creamy appearing (lipemic) plasma, both due to inges- 
tion of dietary fats that have delayed clearance from the 
plasma. Complications due to hyperchylomicronemia in- 
clude acute pancreatitis, eruptive xanthomas, lipemia 
retinalis, and hepatosplenomegaly. Plasma triglyceride 
concentrations generally range from 1,500 to 4,500 mg/ 
dl, but levels to 25,000 mg/dl have been reported. The 
plasma total cholesterol generally ranges from 160 to 400 
mg/dl, but may be as high as 1,000 mg/dl when the 
triglyceride levels are severely elevated. Both low-density 
lipoprotein (LDL) cholesterol and high-density lipopro- 
tein (HDL) cholesterol usually are exceedingly low, in 
the range of 20 to 40 mg/dl and 5 to 20 mg/dl, respec- 
tively. The fasting plasma very low density lipoprotein 
(VLDL) cholesterol is elevated, and it increases further 
after a low-fat, high-carbohydrate diet.? 

The diagnosis of familial hyperchylomicronemia is 
based on the presence of a creamy layer (chylomicrons) 
on the surface of plasma that has been stored in the cold 
(4°C), and an elevated plasma triglyceride level. Demon- 
stration of chylomicrons (fasting triglycerides >1,500 
mg/dl) after an overnight fast also may indicate familial 
hyperchylomicronemia. Analysis of lipoprotein lipase 
(assay of postheparin plasma) apolipoprotein C-II (gel 
electrophoresis of VLDL and chylomicron apolipopro- 
teins or lipoprotein lipase activity, or both, in postheparin 
plasma), and lipoprotein lipase inhibitor activities estab- 
lish the molecular defect in this disorder.! Although 
many reports have appeared describing clinical and bio- 
chemical features of familial hyperchylomicronemia, 
morphologic features of this condition have received little 
attention. Some morphologic data have been reported in 
only 5 such patients.4-8 The present report describes clin- 


F amilial hyperchylomicronemia (type 1 hyperlipo- 
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ical and necropsy findings in 4 men with familial hyper- 
chylomicronemia with emphasis on cardiovascular ob- 
servations. 

Pertinent clinical and morphologic findings in the 
4 men, aged 29 to 63 years, are listed in Table I. Three 
were followed at the Clinical Center of the National 
Institutes of Health, and the fourth (patient 4, Table 
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I) at the University of Toronto in Toronto, Canada. 
Some clinical aspects of patients 2 and 4 have been 
reported elsewhere.?'* No patient ever had clinical 
evidence of cardiac dysfunction or myocardial isch- ~ 
emia. Repeated bouts of abdominal pain and recur- 
rent pancreatitis, accompanied by severely elevated 
serum triglyceride levels and lipemic serum, led to the 
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FIGURE 1. Patient 1, Table |. Plasma values of various lipoproteins 
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FIGURE 2. Patient 3, Table I. Plasma values of various lipoproteins during 6,000-day period. Abbreviations as in Figure i. 
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diagnosis of familial hyperchylomicronemia in each 
of the 4 patients (Figures 1 and 2). Each patient 
underwent specific assays for postheparin lipoprotein 
lipase activity. All 4 patients had abnormal results, 
thereby confirming the diagnosis of familial hyper- 
chylomicronemia. In 1 case (patient 1, Table I), lipo- 
protein lipase deficiency was diagnosed, and in anoth- 
er (patient 4, Table I) the cause of the disorder was 
due to apolipoprotein C-II deficiency. When their di- 
ets were low in fat, all 4 patients were free of abdomi- 
nal pain, and their serum triglyceride levels fell dra- 
matically, as seen in patient 3 (Figure 1). In addition 
to the elevated serum triglyceride and total cholester- 
ol levels, all 4 patients also had very low serum LDL 
and HDL concentrations (Table I). Lipemia retinalis 
was present in all 4 patients. Three had the onset of 
abdominal pain in early infancy or childhood. Two 
had diabetes mellitus, eruptive xanthomas, and hepa- 
tosplenomegaly. Splenectomy was performed in pa- 
tients 1 and 2, and pancreatectomy in patient 1 (Table 
I). Death was related to complications of pancreatitis 
in 3 patients and to a motor vehicle accident in l 
patient. 
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FIGURE 3. Left atrial 
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The heart in each patient was studied both grossly 
and histologically at the Pathology Branch, National 
Heart, Lung, and Blood Institute. In 3 patients, the 
coronary arteries were studied in detail, as described 
elsewhere.'3 The heart was of normal weight in all 4 
patients. All 4 major epicardial coronary arteries 
were devoid of atherosclerotic plaques (Figure 3). The 
aorta of the 63-year-old man was mildly atheroscle- 
rotic. Focal lipid deposits were present in the mural 
endocardium of the free wall of the left atrium in each 
of the 3 hearts we examined (Figure 3). By histologic 
study, the pancreas was fibrotic in all 4 cases (Figure 
4), calcific deposits were present in 3, and cysts in 2 








i ` 


endocardium (a [case 1], b [case 2] and c [case 3)) in 3 patients, each showing lipid deposits, and photomi- 


crograph of right coronary artery? in 1 patient (d [case 1]), which is wide open (Movat X20, reduced by 35%.) 


BRIEF REPORTS 1433 





oN ae 
FIGURE 4. Patient 1, Table I. Sections of pancreas showing 

preservation of Islets of Langerhans and virtual complete re- 
placement of acinar by fibrous tissue and adipose tissue. (He- 
matoxylin-eosin X100 [left], X400 [right], reduced by 47%.) 





patients. Lipid was present in macrophages in the 
spleen in each of the 3 cases in whom splenic tissue 
was examined. Sections of liver were available in 2 
patients: | was focally fatty and necrotic and 1 had 
fatty change only. 

Each of the 4 men had strikingly elevated serum 
triglyceride levels, and strikingly low LDL and HDL 
cholesterol levels. Unusual cardiac findings—observed 
previously only in familial dysbetalipoproteinemia (type 
II hyperlipoproteinemia or broad beta disease)—were 
the presence of lipid deposits in the mural endocardium 
of the left atrium, and the complete absence of athero- 
sclerotic plaques in the epicardial coronary arteries. The 
pancreases in all 4 patients were fibrotic, the spleens in 2 
patients were large and contained ceroid-filled foam 
cells, and the liver in | patient was large. 

At least 5 other autopsied cases of familial hyperchy- 
lomicromenia have been reported. One was a 42-year-old 
woman who had “fully patent” coronary arteries and the 
pancreas was necrotic.4+° Chapman and Kinney® de- 
scribed a 21-month-old boy who, at autopsy, had no lipid 
deposits in any organ. The liver was focally necrotic and 
infiltrated by polymorphonuclear leukocytes. Foam cells 
were found in the spleen, lymph nodes and bone marrow. 
Hudson et al’ also found foam cells in the spleen, liver, 
bone marrow, pulmonary alveoli, and alveolar capillaries 
of a 24-year-old woman. The pancreas was “chalky.” No 
evidence of atherosclerosis was reported. DeGennes et al® 
described necropsy findings in a 28-year-old woman and 
in a 39-year-old man. Both had fibrotic pancreases and 
no atherosclerosis. 

The present study confirms findings in previous re- 
ports that atherosclerosis is absent or minimal in familial 
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hyperchylomicronemia. In familial hyperchylomicrone- 
mia, triglyceride-rich lipoprotein particles, such as chylo- 
microns and VLDL, cannot be cleared from the plasma 
due to the absence of a functional lipoprotein lipase. As a - 
result, the concentrations of chylomicrons and VLDL 
increase in the vascular system, where they eventually 
undergo phagocytosis by macrophages, forming foam 
cells in tissues. The necrotic and fatty liver and fibrotic 
pancreas are presumably secondary to the high chylomi- 
cron levels. Fatty lipid deposits have not been described 
previously in the left atrium of persons with familial 
hyperchylomicronemia. The triglyceride-laden chylomi- 
crons and VLDL may be deposited in these areas due to 
the inability of clearance by the lipoprotein lipase. 

In conclusion, atherosclerosis is absent or minimal in 
patients with familial hyperchylomicronemia, but lipid 
deposits occur in the mural endocardium of the left atri- 
um. The mechanism of the lipid deposits in the atria and 
their near absence in the intima of arteries remains un- 
clear. 
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Hemodynamic Effects of Magnesium Sulfate on the Normal 


Human Heart 
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ecause of its antiarrhythmic properties,! paren- 

teral magnesium sulfate has been widely used in 

the last decades in treating several supraventricu- 
lar or ventricular arrhythmias% even in patients with 
cardiovascular diseases. Recently, intravenous magne- 
sium sulfate has proved effective in treating arrhythmias 
associated with acute myocardial infarction* and long 
QT syndrome.’ However, a systematic evaluation of its 
effects on cardiovascular hemodynamics has not been 
reported. Recent experimental® and clinical’ observa- 
tions have suggested that magnesium sulfate may exert a 
vasodilator effect on human coronary arteries. The pres- 
ent study investigates the effects of magnesium sul- 
fate infusion on coronary and systemic hemodynamics in 
humans. 

We studied 9 patients with normal coronary arter- 
ies undergoing diagnostic coronary arteriography for 
a variety of chest pain syndromes. Seven patients pre- 
sented with atypical angina and 2 with typical angina 
on effort. Treadmill exercise stress test or exercise 
thallium 201 perfusion scintigraphy, or both, was 
positive in 3, borderline in 3 and negative in 3 patients. 
Results of the ergonovine test were negative in 6 of 6 
patients (not performed in patients with positive exer- 
cise test or thallium scintigraphic results). Four pa- 
tients had mild systemic hypertension without left 
ventricular hypertrophy. All had normal coronary 
arteries and left ventricular systolic function (mean 
left ventricular ejection fraction, 66%). Patients with 
systolic arterial pressure <120 mm Hg, atrioventricu- 
lar or intraventricular conduction disturbances, car- 
diomyopathy, and valvular or congenital heart dis- 
ease were excluded from the study. The study proto- 
col was approved by the Committee for Clinical 
Research of the University of Naples Second School 
of Medicine. Informed consent was obtained from 
each patient. 

The study was performed in the course of diagnos- 
tic coronary arteriography. Fifteen minutes after the 
last angiography, a catheter was placed in the ascend- 
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ing aorta to monitor arterial pressure. A 7Fr Wilton- 
Webster catheter was introduced into the coronary 
sinus to measure coronary blood flow by thermodilu- 
tion? The catheter tip was kept in a steady position 
throughout the study. In 4 patients, a Swan-Ganz 
catheter was advanced into the pulmonary artery to 
measure right heart hemodynamic variables and ther- 
modilution cardiac output. After achievement of a 
stable hemodynamic state, we measured baseline 
heart rate, and systolic, diastolic and mean arterial 
pressures and coronary blood flow; in 4 patients, right 
heart hemodynamic variables and cardiac output 
were measured. Simultaneous arterial and coronary 
sinus blood samples were obtained in all patients for 
measurement of oxygen saturation by an American 
Optical reflectance oxymeter. A venous sample was 
also taken for determination of baseline magnesium 
ion serum levels by atomic absorption spectropho- 
tometry. 

Thereafter, we started a 10-minute constant infu- 
sion of 4 g of magnesium sulfate, diluted in 20 ml of 
5% glucose, through a left antecubital vein. Average 
weight of the patients and total dose of magnesium 
sulfate/kg were 82 + 12 kg and 50 + 7 mg/kg, respec- 
tively. All measurements were repeated at 10 minutes 
of infusion. Mild transient cutaneous flushing was 
observed in each patient during magnesium sulfate 
infusion; no hypotension, bradycardia, atrioventricu- 
lar or intraventricular conduction disturbances were 
observed. 

Coronary blood flow was obtained by the formula: 
coronary blood flow = 1.08 X Vol X (Tb-Ti/Tb-Tm) 
— 1, where Tb, Ti and Tm are the temperatures of the 
blood, injectate and blood-injectate mixture, respec- 
tively; Vol is the injectate volume, and 1.08 is a con- 
stant accounting for the difference in density between 
saline and blood. Coronary vascular resistance was 
obtained by the formula: mean arterial pressure/coro- 
nary blood flow expressed in mm Hg/ml/min. Myo- 
cardial oxygen extraction was obtained by the for- 
mula: hemoglobin (g%) X 1.36 X (arterial-coronary 
sinus oxygen saturation)/100. Myocardial oxygen 
consumption was measured by the formula: myocar- 
dial oxygen extraction X coronary blood flow/100. 
Systemic and pulmonary vascular resistance were ob- 
tained by the formula: mean arterial pressure — right 


BRIEF REPORTS 1435 


atrial pressure/cardiac output X 80 and mean pulmo- 
nary arterial pressure — pulmonary wedge pressure/ 
cardiac output X 80, respectively, both expressed in 
dynes-secm—. Stroke volume was obtained by the for- 
mula: stroke volume = cardiac output/fheart rate. 

Statistical analysis was performed by Student's t 
test for paired samples. 

The hemodynamic effects of magnesium sulfate 
infusion in our patients are listed in Table I. A de- 
crease was seen in systolic arterial pressure (p <0.05) 
and in systemic vascular resistance (p <0.02), where- 
as mean and diastolic arterial pressures were un- 
changed. At 10 minutes there was an increase in cardi- 
ac output (p <0.05) and in heart rate (p <0.02), 
without changes in stroke volume and in right heart 
pressures. Coronary blood flow increased and coro- 
nary vascular resistance decreased at 10 minutes 
of magnesium sulfate infusion, whereas myocardial 
oxygen extraction decreased and there was no change 
in myocardial oxygen consumption. Mean magne- 
sium serum levels increased from the baseline levels 
of 2.1 + 0.3 to 6.2 + 0.6 mg% (p <0.01). 

The dose rate of 4 g of magnesium sulfate in 10 
minutes (0.4 g/min) used in our study is similar to that 
previously used in the treatment of ventricular tachyar- 
rhythmias,*> and has already been shown to have sys- 
temic hemodynamic!!! and electrophysiologic! effects. 
At this dose, magnesium sulfate increased cardiac output 
and heart rate, and decreased arterial pressure and sys- 
temic vascular resistance in hypertensive patients without 
coronary artery disease!° and in normotensive patients 
with coronary artery disease.'! In our patients with nor- 
mal coronary arteries and normal left ventricular func- 
tion, magnesium sulfate was a powerful vasodilator of 
the peripheral systemic arteriolar bed; the increase in 
heart rate was likely secondary to hypotension-induced 
baroceptor activation, overcoming a direct depressor ef- 
fect of magnesium sulfate on the sinus node.! The in- 
crease in cardiac output was a consequence of the in- 
creased heart rate, and the unchanged stroke volume 
likely reflected the balance between a reduced left ven- 
tricular afterload, and a magnesium sulfate-induced di- 
rect negative inotropic effect on myocardial cell.! 

The main finding of our study was the vasodilator 
effect of magnesium sulfate on the coronary arteriolar 
bed. We cannot rule out a vasodilator effect of the drug 
on large conductance coronary arteries, since we did not 
perform quantitative coronary angiography. However, 
we can hypothesize that the decrease in coronary vascu- 
lar resistance was due to peripheral vasodilation, because 
caliber changes of conductance coronary arteries in pa- 
tients with normal coronary arteries do not affect the 
value of coronary vascular resistance.'? The coronary 
vasodilator effect of magnesium sulfate was a direct drug 
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effect because it was associated with a slight but signifi- 
cant decrease in myocardial oxygen extraction and no 
change in myocardial oxygen consumption. 

The mechanism of the magnesium sulfate-induced 
coronary (and systemic) dilatation is probably related to 
the calcium antagonist effects of magnesium ions at the 
level of vascular smooth muscle cells.!+:!> There is consid- 
erable evidence of the important role of magnesium ion in 
modulating coronary vascular tone both in isolated coro- 
nary strips®!4:!5 and in patients with Prinzmetal’s angi- 
na.” There was a similar proportional increase in sys- 
temic (23%) and coronary blood flow (22%) after mag- 
nesium sulfate. 

Although the clinical relevance of our observation is 
unclear, our study shows, for the first time, the significant 
coronary vasodilator effect of high-dose parenteral ad- 
ministration of magnesium sulfate in humans. 


Acknowledgment: We are indebted to the catheteriza- 
tion laboratory technician Pasquale Sesto for invaluable 
help in the performance of this study. 
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CASE REPORTS 


“Milking” of the Left Anterior Descending 
Coronary Artery After Stenting 


Fernando Alfonso, MD, Carlos Macaya, MD, Andres Iñiguez, MD, 
Alberto San Roman, MD, Rosa Hernandez, MD, Javier Goicolea, MD, 


and Pedro Zarco, MD 


tenting of the coronary arter- 

ies is a new and expanding 

therapeutic technique in the 
treatment of selected patients with 
coronary heart disease.! Coronary 
stents were introduced as a means of 
preventing coronary occlusion and 
restenosis after percutaneous trans- 
luminal coronary angioplasty.? 
These devices are also used in a 
“bail-out” situation for the manage- 
ment of complications secondary to 
conventional dilatation procedures. 
However, subsequent studies dem- 
onstrated that restenosis was also 
found after coronary stenting and 
that these prosthetic devices may 
predispose patients undergoing these 
procedures to acute thrombotic com- 
plications if they are not receiving 
aggressive treatment with both anti- 
coagulants and platelet inhibitors. 
We describe herein | patient who 
developed “de novo” coronary milk- 
ing after a stent implantation and 2 
additional patients in whom mild 
systolic narrowing of the coronary 
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TABLE I Clinical and Angiographic Data 


Age (yr) 
Patient & Sex 


1 60/M* 
Pre-stent 

Post-stent 

2 69/M 
Pre-stent 

24-hour post-stent 

2 59/M 
Pre-stent 

24-hour post-stent 


* = patient with a previous inferior myocardial infarction. 


Symptom 


arteries evolved to complete systolic 
luminal obliteration after coronary 
stenting. 

Of 45 consecutive patients who 
underwent coronary stenting (Pal- 
maz-Schatz) at our institution in 
1990 for symptomatic coronary 
artery disease, 3 had angiographic 
evidence of coronary milking in the 
left anterior descending coronary 
artery distal to the site ef stent im- 
plantation. Baseline clinical and 
angiographic characteristics of the 
3 patients are listed in Table I. 
Stenting was indicated in ] patient 
after a major coronary. dissection 
that complicated a conventional 
coronary angioplasty, but in the 
other 2 patients stents were im- 
planted electively for restenosis. 
Milking of the left anterior de- 
scending coronary artery was pres- 
ent in the first 2 patients at 3 and 5 
mm of the distal end of the stent, 
respectively (Figures 1 and 2). In 
the third patient, systolic compres- 
sion with complete obliteration of 
the first septal branch, which origi- 
nated in close proximity to the dis- 
tal edge of the stent, was readily 
visualized (Figure 3). Careful re- 
view of the initial coronary angio- 


Percent Diameter 


Stenosis Indication 


Dissection 
Second restenosis 


First restenosis 





gram and of the angiogram at the 
time of the stent implantation re- 
vealed that mild and previously 
unrecognized milking was already 
present before the implantation of 
the stent in 2 patients (patients | 
and 3) who subsequently devel- 
oped severe milking (>75% systol- 
ic coronary artery narrowing) after 
stenting. However, the second pa- 
tient had no coronary milking be- 
fore the procedure and developed 
“de novo” coronary milking after 
stenting. With the aim of assessing 
the early angiographic appearance 
of the stents, we followed a proto- 
col including repeat (24 hours) 
coronary angiography in patients 
undergoing this procedure. In this 
new study, the angiographic ap- 
pearance of the stent was optimal 
and coronary milking was better 
visualized in the 3 patients. Left 
ventricular ejection fraction im- 
proved slightly 24 hours after 
stenting in these patients and, in 
patient 1, a hypokinetic anterior 
wall motion disappeared ( Table 1). 
The 3 patients were receiving treat- 
ment with aspirin and diltiazem, 
and 2 of them (patients 2 and 3) 
were also receiving nitrates before 
stenting. Dipyridamole was begun 
24 hours before stenting in the 2 
patients undergoing elective proce- 
dures. After stenting, all patients 
received, for protocol, treatment 
with aspirin, diltiazem, nitrates, 
dipyridamole and heparin. Intra- 


LV(s/d) EF 
(mmHg) (%) 


145/30 
145/25 


150/18 
160/12 


++ 

First septal 
+ 140/20 
+++ 135/15 


CM = coronary milking; EF = left ventricular ejection fraction; HP = hypocontractile perimeter in the-anterior wall motion analysis; LV(s/d) = left ventricular peak systolic /end-di- 
astolic pressure; UA = unstable angina; + = <50% systolic luminal narrowing; ++ = 50-75% systolic luminal narrowing; +++ = >75% systolic luminal narrowing. 
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coronary nitroglycerin (0.2 mg) 
was administered before the im- 
plantation of the stent in the 3 pa- 
tients but this drug was not used in 
the 24-hour repeat coronary angi- 
ography in any patient. Two-di- 
mensional echocardiography dem- 
onstrated normal left ventricular 
wall thickness in every patient. At 
last clinical follow-up (4, 5 and 
3 months, respectively) all 3 pa- 
tients were asymptomatic and had 
a maximal negative exercise test. 

Two decades ago, Porstmann and 
Iwig? described systolic narrowing of 
the left anterior descending coronary 
artery at angiography. Subsequent 
studies demonstrated that milking or 
“bridging” of this artery was caused 
‘by systolic compression of its in- 
tramural course and that this find- 
ing was present in various cardiac 
conditions, including coronary ar- 
tery disease, left ventricular hyper- 
trophy and hypertrophic cardiomy- 
opathy.*-* Some authors also sug- 
gested that the angiographic appear- 
ance of the systolic narrowing might 
help to identify the underlying pa- 
thology.> Alternatively, Pichard et 
al® described septal perforator com- 
pression in patients with hypertro- 
phic cardiomyopathy but, occasion- 
ally, also in patients with nonhy- 
pertrophied but hyperdynamic left 
ventricles. The cause of these phe- 
nomena are not fully elucidated but 
it is likely that a mismatch between 
extrinsic vessel wall compressing 
forces and end-systolic aortic pres- 
sure may play a preponderant etio- 
pathogenic role.*-® 

The mechanism by which intra- 
coronary stenting may originate or 
enhance systolic narrowing of the 
coronary vessels is not clear. It is, 
however, attractive to speculate that 
improvement in flow after stenting 
may alleviate myocardial ischemia 
and consequently may enhance con- 
tractility of the myocardium overly- 
ing the intramural coronary artery. 
This situation may promise systolic 
compression of the artery or may 





unmask concealed milking, which 
would be more readily visualized 
with greater coronary artery diame- 
ter and flow. Quantitative angio- 
graphic assessment suggests that 
coronary stenting improves the post- 





dilatation result, producing a 
straighter and smoother angiograph- 
ic appearance than conventional bal- 
loon angioplasty.! This may explain 
the occurrence of milking after stent 
implantation when it has not been 





o 


FIGURE 1. Patient 1. Left, left coronary artery in the 45° left anterior oblique pro- 
jection in diastole after the implantation of the stent (arrowhead). The angiographic 
appearance of the stent is smooth and without residual stenosis. Right, same pro- 

jection in systole demonstrating severe (90%) milking of the left anterior descending 
coronary artery (arrow), 1 cm in length, and starting 3 mm distally to the location of 


the stent. 








FIGURE 2. Patient 2. Left, lateral view (90°) 


Di 
eg x 


the left anterior descending coro- 


nary artery in diastole after stenting (arrowhead). Right, in systole, a moderate and 
localized milking of the midpart of this artery, not present in the initial study, was vi- 


sualized (arrow). 





FIGURE 3. Patient 3. Left, lateral view (90°) of the left 
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coronary artery in diastole 


with the stent in position (arrowhead). A large first septal perforator branch origi- 
nated immediately adjacent to the distal part of the stent. Right, in systole, severe 
systolic compression of this branch resulted in its complete disappearance. 
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described after conventional coro- 
nary angioplasty. However, alterna- 
tive mechanisms may also be opera- 
tive in our patients. Patients receiv- 
ing stents are treated with various 
drugs, including vasodilators such as 
dipyridamole. This could produce a 
relatively hyperdynamic left ventri- 
cle, which, in turn, could originate 
or exacerbate the systolic narrowing 
of intramural vessels. Finally, other 
factors, such as mechanical stimula- 
tion of either or both the myocardi- 
um and the coronary artery by the 
stent, or changes on vessel tone in- 
duced by altered endothelium-de- 
rived releasing factor levels, as a 
result of the denuded intima in the 
stented segment, remain largely 
speculative. 


Our results demonstrate that sys- 
tolic compression of the coronary 
arteries may appear or become more 
obvious after coronary stenting. The 
clinical implications of this phenom- 
enon remains unknown, but accord- 
ing to our findings it is unlikely that 
milking would originate clinically 
significant myocardial ischemia, as 
all our 3 patients were asymptomatic 
with negative exercise tests. We be- 
lieve that the possible appearance of 
milking after stenting should be tak- 
en into consideration during the pro- 
cedure, to be differentiated from re- 
sidual stenosis or coronary spasm 
distal to the site of implantation. 
Further studies will be required to 
ascertain the prevalence and poss- 
ible clinical implications of this pre- 


viously unreported angiographic 
finding. 
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Late Outcome After Successful Balloon 
Dilatation of Blalock-Taussig Variant 


Shunt Stenosis 


John Fernandes, MD, and Jean S. Kan, MD 


omplications after success- 
ful angioplastic dilatation of 
pulmonary artery narrow- 
ings have been well documented, and 
are known to include rupture and 
death.' Transient unilateral pulmo- 
nary edema, resolving within a few 
days after dilatation has occurred.? 
Successful dilatation of stenosed Bla- 
lock-Taussig (B-T) shunts, both 
classic and modified, has been per- 
formed for palliation in selected pa- 
tients.2-4 This report notes a late 
complication of shunt angioplasty— 
the development of excessive pulmo- 
nary blood flow. 
A baby boy born 5 weeks’ pre- 
maturely after an uncomplicated 
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gestation weighed 1,729 g and had 
respiratory distress with cyanosis 
shortly after birth. He was diag- 
nosed as having D-transpostion of 
the great arteries, with a ventric- 
ular septal defect and pulmonic 
atresia. The patient underwent a 
Rashkind septostomy at 2 months 
of age and had a Waterston shunt 
established at 4 months of age. He 
improved clinically, although the 
arterial saturations were in the 
20% range, and polycythemia con- 
tinued. A left-sided B-T variant 
shunt was established / year later, 
with anastomosis of the 3-mm di- 
ameter end of the left subclavian 
artery to the 6-mm diameter end of 
the pulmonary artery. At 8 years 
of age, he had increasing cyano- 
sis, and recatheterization revealed 
occlusion of the right Waterston 
shunt, with stenosis of the left B-T 
shunt at the anastomosis. Mean 
left pulmonary artery pressure was 
12 mm Hg, with a left subclavian 
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artery pressure of 80/38 mm Hg. 
Balloon valvuloplasty resulted in 
only a slight increase in diameter 
on angiography. When the patient 
was 10 years old, a Gore-Tex™ 
shunt was placed from the ascend- 
ing aorta to the right pulmonary 
artery. Three years later the shunt 
was occluded with thrombus and 
was surgically revised. Definitive 
correction was not believed feasi- 
ble, because of right pulmonary 
artery occlusion. At 14 years old, 
the patient had increased cyanosis, 
exercise intolerance, and a near- 
syncopal episode. Cardiac cathe- 
terization revealed a 100 mm Hg 
systolic pressure difference be- 
tween the aorta and the left pulmo- 
nary artery, with severe stenosis at 
the anastomosis of the left subcla- 
vian artery to the left pulmonary 
artery. This anastomosis mea- 
sured 2.7 mm. Balloon angioplasty 
was performed with Medi-Tech™ 
balloon dilatation catheters that 
were initially 6 mm in diameter 
and that increased by 2-mm diam- 
eter sizes toa maximum of 10 mm, 
until disappearance of the waist- 
ing. After the procedure, the pres- 
sures in the left pulmonary artery 


increased to 32/22 mm Hg and the 
oxygen saturation increased, from 
68% before dilatation to 82% after. 
The site of constriction at the anas- 
tomosis measured 7.3 mm. Angi- 
ography showed a widely patent 
left pulmonary artery with intimal 
disruption proximal to the steno- 
sis, with no extravasation (Figure 
1). The right lung was perfused 
only by collateral vessels. No sur- 
gical shunts were visible. Eighteen 
hours after angioplasty, the pa- 
tient was febrile, diaphoretic and 
had increased cyanosis. He was di- 
agnosed as having transient pul- 
monary edema of the left lower 
lobe, which resolved 72 hours lat- 
_er. He was discharged with an oxy- 
gen saturation of 88%. Two 
months later, the patient had a 
sudden return of mild dyspnea and 
had a new persistent cough, which 
slowly progressed. Recatheteriza- 
tion was performed at the age of 
17.5 years, approximately 4 years 
after ballooning. Left pulmonary 
artery pressures of 105/65 mm Hg, 
with an aortic pressure of 110/70 
mm Hg, were obtained. The arte- 
rial saturation was 78%. Angiog- 
raphy demonstrated a widely pat- 
ent subclavian to pulmonary artery 
anastomosis, with flow to the left 
lower lung fields. The left pulmo- 
nary artery anastomosis measured 
13 mm (Figure 2). 

Balloon dilatation of stenosed B- 
T shunts has been reported as a fairly 
safe and successful procedure for the 
improvement of pulmonary blood 
flow. An alternative to surgical shunt 
revision, it has the advantages of de- 
creased morbidity, lower cost and 
hospital stay, and reasonable results. 
The development of scar at the anas- 
tomosis site keeps the site safe from 
extravasation during angioplasty. 
However, the required optimal di- 
ameters of balloon inflations are not 
very Clear. Suggestions that an in- 
crease of 2 mm in balloon size until 
a waist is seen have been used to 
guide sizing. Successful dilatation 
has been arbitrarily defined as a 


>50% increase in stenosis diameter. 
Patients after ballooning in whom an 
increasing vessel diameter of >70%, 
or in whom a >170% increase in 
distal pulmonary artery pressures, or 
whose mean distal pulmonary artery 
increased >20 mm Hg after balloon- 
ing, were all reported to be at an 
increased risk of transient pulmo- 
nary edema.” Data from the Valvu- 
loplasty and Angioplasty of Congen- 
ital Anomalies Registry showed that 
angioplasty for branch pulmonary 
stenosis resulted in increased dimen- 
sion at the site of stenosis and de- 
creased systolic gradients in the short 





term. Long-term follow-up was 
unknown at the time of data collec- 
tion. No correlations between age, 
balloon size or balloon rupture, and 
complications were found. In our pa- 
tient, the initial outcome at catheter- 
ization was excellent, with improve- 
ment in oxygenation and physiologic 
pulmonary artery pressures. Subse- 
quently he developed and recovered 
from an episode of transient left lung 
edema, and then did well for approx- 
imately 2 months before reappearing 
symptoms suggested increased blood 
flow to the left lung via the ballooned 
left B-T shunt. There was almost 


FIGURE 1. Angiography of Blalock-Taussig shunt before angioplasty (left) and after 


angioplasty (right). 


FIGURE 2. Angiography of Blalock-Taussig shunt 4 years after angioplasty. 
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complete remodeling of the anasto- 
mosis site, with pressures distal to 
the angioplasty site equal to proxi- 
mal pressure, with unrestricted blood 
flow flooding the area supplied. The 
long-term prognostic implications of 
successful balloon angioplasty need 
close follow-up and a longer period 
of evaluation before the efficacy can 
be assessed. 
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Tetralogy of Fallot in Triplet Siblings 
Steven C. Cassidy, MD, and Hugh D. Allen, MD 


he occurrence of congenital 
heart disease in siblings of 
multiple births, particularly 
in twins, has been documented.!~® 
Because of the rarity of triplet gesta- 
tions, few triplets have been included 
in even the largest population-based 
studies. Triplet infant boys were re- 
cently referred for evaluation of pre- 
cordial murmurs. All 3 infants had 
tetralogy of Fallot, each with a dif- 
ferent type and degree of pulmonary 
stenosis. 
Patient 1, the first of these sib- 
lings, was initially seen in the car- 
diology clinic at 2 weeks of age for 
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evaluation of a precordial mur- 
mur. He was asymptomatic. His 
examination and echocardiogram 
(Figure 1A) revealed tetralogy of 
Fallot, a patent ductus arteriosus, 
and a left aortic arch. He was later 
admitted to the hospital at 2 '⁄2 
months of age for bacterial menin- 
gitis caused by group B streptococ- 
cus. Antibiotics were given for 14 
days. Hydrocephalus developed 
and required placement of a ven- 
triculoperitoneal shunt. He was 
additionally found to have a single 
left kidney. During that hospital- 
ization, he was consistently mildly 
hypoxemic; pulse oximeter satura- 
tions were consistently 78 to 80%. 
After discharge from the hospital, 
he became increasingly cyanotic. 
At 4 months of age he had a pulse 
oximeter saturation of 70%. He 
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had no history of hypercyanotic 
spells. He was admitted for cardi- 
ac catheterization and surgical in- 
tervention. 

At catheterization (Table 1), he 
had severe right ventricular out- 
flow tract obstruction at and below 
the pulmonary valve, left branch 
pulmonary artery stenosis, a pat- 
ent ductus arteriosus supplying the 
majority of left pulmonary artery 
blood flow, and an aortic satura- 
tion of 77%. He underwent place- 
ment of a modified Blalock-Taus- 
sig shunt to his left pulmonary ar- 
tery at that time, and subsequent- 
ly had a complete repair at 18 
months of age. 

Patient 2, the second sibling, 
was also initially seen in the cardi- 
ology clinic at 2 weeks of age for 
evaluation of a precordial mur- 
mur. His examination and echo- 
cardiogram (Figure 1B) were con- 
sistent with tetralogy of Fallot and 
a right aortic arch. He was found 





FIGURE 1. Parasternal long-axis (PS-LAX) echocardiographic images from preoperative studies of each of the 3 infants. A, B 
and C represent patients 1, 2 and 3, respectively. Note the malalignment ventricular septal defect (x) and aortic override in each. 
AO = ascending aorta; IVS = intraventricular septum; LA = left atrium; LV = left ventricle; RV = right ventricle. 
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to have mild mitral regurgitation. 
He remained asymptomatic and 
had no hypercyanotic spells. His 
oxygen saturation by pulse ox- 
imeter was consistently 95%. Seri- 
al evaluations demonstrated pro- 
gression of his pulmonary stenosis; 
Doppler-estimated right ventric- 
ular outflow tract gradient in- 
creased from 30 mm Hg at 4 
months of age to 75 mm Hg at 6 
months of age. He underwent elec- 
tive cardiac catheterization at 7 
months of age, when severe right 
ventricular outflow obstruction 
due to valvular and supravalvular 
pulmonary stenosis was noted. De- 
spite severe pulmonary stenosis, he 


had increased pulmonary blood 


> 


flow, an aortic saturation of 97%, 
and a pulmonary to systemic flow 


ratio of 3.3:1 (Table I). He under- 
-went elective complete repair of te- 


tralogy of Fallot at 10 months of 
age. His subsequent growth and 
development have been normal. 
Patient 3, the third triplet, was 
initially evaluated, as were his 
brothers, at age 2 weeks of age be- 
cause of the presence of a precordi- 
al murmur. His examination and 
echocardiogram (Figure 1C) dem- 
onstrated tetralogy of Fallot witha 
subaortic ventricular septal defect, 
aortic override, mild subvalvular 
and valvular pulmonary stenosis, 
and a left aortic arch. Addition- 
ally, increased pulmonary blood 
flow was noted on his chest x-ray. 
Clinically he had no symptoms. 
He consistently had arterial sat- 
urations by pulse oximeter of 
>95%. Elective cardiac catheter- 
ization was performed at 13 
months of age. During that study 
he was found to have 30 mm Hg of 
subvalvular and valvular pulmo- 
nary stenosis (Table 1), aortic sat- 
uration was 95%, and pulmonary 
to systemic flow ratio was 1.7:1. 
Multiple areas of branch pulmo- 
nary artery stenosis were present. 
Subsequently, he had an elective 


TABLE I Catheterization Data from the Three Affected 
Triplets with Tetralogy of Fallot 


Variable 


Age at catheterization (mo.) 
Weight (kg) 
Pressures (mm Hg) 
Right ventricle (s/d) 
Pulmonary artery (s/d) 
Oxygen saturation (%) 
Superior vena cava 
Aorta 
Blood flow (liters /min /m7?) 
Pulmonary 
Systemic 


Qp/Qs 


Patient 


12 
7.9 


89/6 
58/12 


53 
97 


13.0 
4.0 
3.3:1 


Patient 1 was catheterized urgently for progression of cyanosis. Patient 2 was 
electively catheterized for increasing right ventricular outflow obstruction. Patient 3 
was electively catheterized in anticipation of repair. 

Qp/Qs = pulmonary to systemic flow ratio: s/d = peak systole /end diastole. 


complete repair at 15 months of 
age. 

Patients 1 and 2 have A positive 
blood and patient 3 is O positive, 
proving that all 3 of these children 
are not monozygotic (MZ). Red 
cell antigen studies in patients l 
and 2 are identical, which suggests 
that patients 1 and 2 are MZ. An- 
other sibling, a sister, who is 10 
months older than the boys, is un- 
affected by heart disease. None 
of the children have features sug- 
gestive of a congenital syndrome. 
There is no other family histo- 
ry of congenital heart disease or 
any other congenital malforma- 
tions. There is no history of expo- 
sure to teratogens. To the best of 
the parents’ knowledge, there is no 
consanguinity in their families. 

Congenital heart disease in sib- 
lings has been reported.!:2>-!! It oc- 
curs more often in twins,>47-!2 par- 
ticularly in MZ twins than in sin- 
gletons. Myrinathopoulos!? states 
that twins have a more than twofold 
increase in congenital cardiovascular 
malformations over singletons. Hay 
and Wehrung’ demonstrated that 
congenital heart disease occurred in 
81.0/100,000 like-sexed twin deliv- 
eries, as compared with 58.9 / 
100,000 singleton deliveries. In re- 
ported twins who are both affected, 





most are discordant for the type of 
heart disease,'*:!? although 1 study 
has reported a high degree of concor- 
dance for heart disease in MZ twins. 
Nora et al! examined 13 pairs of MZ 
and 24 pairs of dizygotic (DZ) twins. 
In 6 of the 13 pairs of MZ twins, 
both twins had the same type of 
heart disease (2 pairs with atrial sep- 
tal defect, 1 pair each with ventricu- 
lar septal defect, tetralogy of Fallot, 
pulmonary stenosis and patent duc- 
tus arteriosus). Of 24 pairs of DZ 
twins, in only | pair did both have the 
same heart disease (patent ductus 
arteriosus). Fuhrmann® reported a 
pair of DZ twins both with atrial 
septal defects. There is 1 report of 
heart disease in 2 of 3 triplets, al- 
though the type of disease was not 
mentioned.? Most of the literature 
reviewing congenital heart disease in 
twins!~3.°.7,!2,13 does not consider the 
developmental mechanisms pro- 
posed by Clark!4 when determining 
concordance of heart disease. 
Tetralogy of Fallot occurs in on- 
ly a small number of births. Differ- 
ent authors give occurrence rates 
of 2.62/10,000 births,'> 5.7/10,000 
births,'° and 9.6/10,000 births.!6 
Tetralogy of Fallot has occasional- 
ly been found in > 1 family member. 
Fuhrmann® reports a family in 
which 3 siblings had tetralogy of Fal- 
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lot and 2 families in which 2 siblings 
had tetralogy of Fallot. In a study of 
Boon et al,!° families of 100 children 
with tetralogy of Fallot were exam- 
ined. Only 2 first-degree relatives 
were found to have the same disease. 
In another study,! 1 set of twins both 
had tetralogy of Fallot. Pitt,!! in a 
review of previously published re- 
ports, found 8 families who each 
have 2 members affected by tetral- 
ogy of Fallot. To our knowledge, 
triplet siblings, all affected with te- 
tralogy of Fallot or any other form of 
congenital heart disease, have not 
been previously reported. 

These triplets are clearly not all 
MZ, although they may still share a 
common gene or group of genes that 
predispose them to this lesion. De- 
oxyribonucleic acid examination has 
not yet been performed. Alternative- 


ly, they could have shared a common 
environmental exposure that caused 
their heart disease, although there 
were no identified teratogen expo- 
sures during their gestation. 
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Accessory pathway 
Characteristics of accessory pathways exhibiting 
decremental conduction; 506 


Effects of postural changes versus exercise on 
the electrophysiologic parameters of the 
accessory pathway; 1237 


Multiple accessory pathways in the Wolff- 
Parkinson-White syndrome as a risk factor 
for ventricular fibrillation; 889 


Significance of minimal preexcitation in Wolff- 
Parkinson-White syndrome; 205 


Adenosine 
Assessment of coronary artery disease using 
single-photon emission computed tomography 
with thallium-201 during adenosine-induced 
coronary hyperemia; 1190 


Adrenaline 
See also Epinephrine 


Reversible “cardiomyopathy” after accidental 
adrenaline overdose; 318 
Age 
Aortic valve replacement for aortic stenosis in 
d persons aged 80 years and over; 1256 


Comparison of differences in the hemodynamic 
response to passive postural stress in healthy 
subjects >70 years and <30 years of age; 
1110 


Comparison of effects of thrombolytic therapy 
on left ventricular function in patients over 
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Composition of atherosclerotic plaques in 
coronary arteries in women <40 years of 
age with fatal coronary artery disease and 
implications for plaque reversibility; 1223 


Composition of atherosclerotic plaques in the 
four major epicardial coronary arteries in 
patients B90 years of age; 1228 


Pulmonary venous flow velocity pattern as 
assessed with transthoracic pulsed Doppler 
echocardiography in subjects without cardiac 
disease; 1396 


Relation of cardiac output at rest and during 
exercise to age in essential hypertension; 585 


Results of multivessel percutaneous 
transluminal coronary angioplasty in persons 
aged 65 years and older; 1051 


Reversal of changes in left ventricular diastolic 
filling associated with normal aging using 
diltiazem; 894 


Alcohol 
Left ventricular size, mass and function in 
relation to the duration and quantity of heavy 
drinking in alcoholics; 274 


Rarity of preclinical alcoholic cardiomyopathy in 
chronic alcoholics <40 years of age; 183 


Time of onset of supraventricular 
tachyarrhythmia in relation to alcohol 
consumption; 718 


Ambulatory monitoring 

A generalized description of Wenckebach 
behavior with analysis of determinants of 
ventricular cycle-length variation during 
ambulatory electrocardiography; 981 

Circadian variation of transient myocardial 
ischemia in the early out-of-hospital period 
after first acute myocardial infarction; 927 
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Comparison of exercise stress testing with 
ambulatory electrocardiographic monitoring 
in the detection of myocardial ischemia after 
unstable angina pectoris; 89 


Detection of silent myocardial ischemia in 
diabetes mellitus; 1073 


Effects of atenolol alone, nifedipine alone and 
their combination on ambulant myocardial 
ischemia; 671 


Mean and range of the ambulatory pressure in 
normotensive subjects from a meta-analysis 
of 23 studies; 723 


Transtelephonic electrocardiographic monitoring 
of cardiac rehabilitation exercise sessions in 
coronary artery disease; 962 


Waking and rising at night as a trigger of 
myocardial ischemia; 1067 


Aminophylline 
Effects of aminophylline on atrioventricular 
conduction in patients with late 
atrioventricular block during inferior wall 
acute myocardial infarction; 527 


Amiodarone 
Cardiac arrest in Seattle: conventional versus 
amiodarone drug evaluation (the CASCADE 

study); 578 


Endomyocardial biopsy finding in two patients 
with idiopathic dilated cardiomyopathy 
receiving long-term treatment with 
amiodarone; 661 


Interaction between amiodarone and phenytoin; 


Intravenous amiodarone for conversion of atrial 
fibrillation to sinus rhythm; 325 


Sudden death during empiric amiodarone 
therapy in symptomatic hypertrophic 
cardiomyopathy; 169 


Value of electrophysiologic studies in 
hypertrophic cardiomyopathy treated with 
amiodarone; 175 


Aneurysm 
Angiographic features of left main coronary 
artery aneurysms; 1139 


Angina pectoris 
Anginal symptoms without ischemic 
electrocardiographic changes during 
ambulatory monitoring in men with coronary 
artery disease; 465 


Angiographic morphology in unstable angina and 
its relation to transient myocardial ischemia 
and hospital outcome; 460 


Circadian variation in pain onset in unstable 
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Comparison of celiprolol and propranolol in 
stable angina pectoris; 665 


Comparison of exercise stress testing with 
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in the detection of myocardial ischemia after 
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Early assessment of coronary artery bypass 
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echocardiography; 133 

Effect of nifedipine on total ischemic activity 
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Late results of 200 repeat coronary artery 
bypass operations; 24 
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after thrombolytic therapy; 1175 


Reactivity of proximal and distal 
angiographically normal and stenotic 
coronary segments in chronic stable angina 
pectoris; 1195 


Severity of single-vessel coronary arterial 
stenosis and duration of angina as 
determinants of recruitable collateral vessels 
during balloon angioplasty occlusion; 13 


Transient myocardial ischemia during daily life in 
rest and exertional angina pectoris and 
comparison of effectiveness of metoprolol 
versus nifedipine; 946 


Update of effects of calcium antagonists in 
myocardial infarction or angina in light of the 
Danish Verapamil Infarction Trial (DAVIT-Il) 
and other recent studies; 1295 


Usefulness of esmolol in unstable angina 
pectoris; 1319 


Usefulness of ST-segment changes in = 2 leads 
on the emergency room electrocardiogram in 
either unstable angina pectoris or non-Q-wave 
myocardial infarction in predicting outcome; 
1368 


Angiocardiography 
Prediction of death and myocardial infarction by 
radionuclide angiocardiography in patients 
with suspected coronary artery disease; 919 
Angiography 
Angiographic features of left main coronary 
artery aneurysms; 1139 


Angiographic morphology in unstable angina and 
its relation to transient myocardial ischemia 
and hospital outcome; 460 


Comparison of intravascular ultrasound, external 
ultrasound and digital angiography for 
evaluation of peripheral artery dimensions 
and morphology; 817 


Progression and regression of minor coronary 
arterial narrowings by quantitative 
angiography after fenofibrate therapy; 957 


Relation of serum lipoprotein cholesterol levels 
to presence and severity of angiographic 
coronary artery disease; 479 


Angiography, quantitative 

Comparison of manual versus automated edge 
detection for determining degrees of luminal 
narrowing by quantitative coronary 
angiography; 885 

Edge detection versus densitometry for 
assessing coronary stenting quantitatively; 
484 


Percutaneous balloon mitral valvuloplasty in 

juvenile rheumatic mitral stenosis; 892 
Angioplasty 

Comparison of usefulness of high-dose 
dipyridamole echocardiography and exercise 
electrocardiography for detection of 
asymptomatic restenosis after coronary 
angioplasty; 1335 

Correlation of quantitative angiographic 
parameters with changes in left ventricular 
diastolic function after angioplasty of the left 
anterior descending coronary artery; 1061 
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Detection of intracoronary fibrin degradation 
after coronary balloon angioplasty; 1330 


Effects of time required for reperfusion 
(thrombolysis or angioplasty, or both) and 
location of acute myocardial infarction on left 
ventricular functional reserve capacity 
several months later; 797 


Hemodynamic and metabolic effects of 
venoarterial cardiopulmonary support in 
coronary artery disease; 1344 


Interpreting results of exercise studies after 
acute myocardial infarction altered by 
thrombolytic therapy, coronary angioplasty or 
bypass; 116 

ls ST elevation the only electrocardiographic 
response of the ischemic right ventricle? 643 


Late outcome after successful balloon dilatation 
of Blalock-Taussig variant shunt stenosis; 
1440 


Outcome after major dissection during coronary 
angioplasty using the perfusion balloon 
catheter; 1056 


Patterns of ST-segment change during acute no- 
flow myocardial ischemia produced by 
balloon occlusion during angioplasty of the 
left anterior descending coronary artery; 305 


Quantification of ST-segment changes during 
coronary angioplasty in patients with left 
bundle branch block; 1219 


Therapeutic cardiac ultrasound; 422 


Validation of continuous radionuclide left 
ventricular functioning monitoring in 
detecting silent myocardial ischemia during 
balloon angioplasty of the left anterior 
descending coronary artery; 1339 


ngioplasty, percutaneous 
transluminal coronary 

Effects of hemoperfusion during percutaneous 
transluminal coronary angioplasty on left 
ventricular function; 1324 


Effects of nonionic versus ionic contrast media 
on complications of percutaneous 
transluminal coronary angioplasty; 1046 


Frequency of success and complications of 
coronary angioplasty of a stenosis at the 
ostium of a branch vessel; 491 


immediate and short-term results of a 
1988-1989 coronary angioplasty registry; 
253 


Incidence and presumed etiology of ventricular 
fibrillation during coronaryangioplasty; 769 


Long-term follow-up of the first 56 patients 
treated with intracoronary self-expanding 
stents (the Lausanne experience); 569 


Predictors of cardiac survival after 
percutaneous transluminal coronary 
angioplasty in patients with severe left 
ventricular dysfunction; 367 


Predictors of long-term cardiac survival in 
patients with multivessel coronary artery 
disease undergoing percutaneous 
transluminal coronary angioplasty; 1 


Relation of stenosis resolution pressure to long- 
term clinical outcome after successful 
percutaneous transluminal coronary 
angioplasty; 953 


Results of intracoronary stents for management 
of coronary dissection after balloon 
angioplasty; 691 

Results of multivessel percutaneous 
transluminal coronary angioplasty in persons 
aged 65 years and older; 1051 


Severity of single-vessel coronary arterial 
stenosis and duration of angina as 
determinants of recruitable collateral vessels 
during balloon angioplasty occlusion; 13 


The Dutch experience in percutaneous 
transluminal angioplasty of narrowed 
saphenous veins used for aortocoronary 
arterial bypass; 361 


Angiotensin-converting enzyme 
inhibitors 
Comparison of lisinopril versus atenolol for mild 
to moderate essential hypertension; 59 


Hemodynamic effects of renin inhibition by 
enalkiren in chronic congestive heart failure; 
63 


Anteroseptal infarction 
Myocardial ischemia-induced transient anterior 
conduction delay; 659 


Antiarrhythmic therapy 
Antiarrhythmic drugs and cardiac death end 
points; 334 


Characterization of spontaneous termination of 
sustained ventricular tachycardia associated 
with coronary artery disease; 50 

Endomyocardial biopsy finding in two patients 
with idiopathic dilated cardiomyopathy 
receiving long-term treatment with 
amiodarone; 661 


Reversion of recent-onset atrial fibrillation to 
sinus rhythm by intravenous flecainide; 137 


Usefulness of the electrophysiology laboratory 
for evaluation of proarrhythmic drug 
response in coronary artery disease; 835 


Antihypertensive therapy 
Captopril versus captopril plus 

hydrochlorothiazide for essential 
hypertension in Koreans; 98 


Anuloplasty rings 
Doppler echocardiographic comparison of the 
Carpentier and Duran anuloplasty rings 
versus no ring after mitral valve repair for 
mitral regurgitation; 517 
Aortic aneurysm 
Aortic aneurysm in patients with functionally 
normal or minimally stenotic bicuspid aortic 
valve; 781 


Aortic arch 
Persistent left fifth aortic arch with complex 
coarctation; 319 


Aortic dissection 
Intravascular ultrasound for diagnosis of aortic 
dissection; 662 


Aortic regurgitation 
Beneficial effect of atrial pacing in severe acute 
aortic regurgitation and role of M-mode 
echocardiography in determining the optimal 
pacing interval; 398 
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Aortic stenosis 
Aortic valve replacement for aortic stenosis in 
persons aged 80 years and over; 1256 


Aortic valve 
A Doppler echocardiographic examination of the 
normal aortic valve and left ventricular 
outflow tract; 547 


Clinical and Doppler echocardiographic follow-up 
after percutaneous balloon valvuloplasty for 
aortic valve stenosis; 616 


Doppler echocardiographic study of porcine 
bioprosthetic heart valves in the aortic valve 
position in patients without evidence of 
cardiac dysfunction; 611 


Quadricuspid aortic valve; 323 


Theoretical and practical differences between 
the Gorlin formula and the continuity 
equation for calculating aortic and mitral 
valve areas; 1268 


Validity of an early postoperative baseline 
Doppler recording after aortic valve 
replacement; 869 


Aortic valve disease 
Assessment of right ventricular oxidative 
metabolism by positron emission tomography 
with C-11 acetate in aortic valve disease; 753 


Aortic valve replacement 
Aortic valve replacement for aortic stenosis in 
persons aged 80 years and over; 1256 


Aortic valve stenosis 
Aortic aneurysm in patients with functionally 
normal or minimally stenotic bicuspid aortic 
valve; 781 


Comparison of proximal left anterior descending 
and circumflex coronary artery dimensions in 
aortic valve stenosis and hypertrophic 
cardiomyopathy; 325 


Determination of severity of valvular aortic 
stenosis by Doppler echocardiography and 
relation of findings to clinical outcome and 
agreement with hemodynamic measurements 
determined at cardiac catheterization; 1007 


Management of aortic stenosis: is cardiac 
catheterization necessary? 1031 


Prevalence and severity of valvular aortic 
stenosis determined by Doppler 
echocardiography and its association with 
echocardiographic and electrocardiographic 
left ventricular hypertrophy and physical 
signs of aortic stenosis in elderly patients; 
776 


Reproducibility of Doppler echocardiographic 
quantification of aortic and mitral valve 
stenoses: comparison between two 
echocardiography centers; 1013 


Aortocoronary arterial bypass 
The Dutch experience in percutaneous 
transluminal angioplasty of narrowed 
saphenous veins used for aortocoronary 
arterial bypass; 361 
Aortopulmonary window 
Accuracy of cross-sectional echocardiography in 
diagnosis of aortopulmonary window; 650 





Arrhythmias 
Acute complications associated with new-onset 
atrial fibrillation; 437 


A generalized description of Wenckebach 
behavior with analysis of determinants of 
ventricular cycle-length variation during 
ambulatory electrocardiography; 981 


Atrial natriuretic peptide response to 
cardioversion of atrial flutter and fibrillation 
and role of associated heart failure; 377 


Characteristics of accessory pathways exhibiting 
decremental conduction; 506 


Comparison of clinical and electrophysiologic 
features of preexcitation syndromes in 
patients presenting initially after age 50 
years with those presenting at younger ages; 
709 


Effects of superoxide dismutase on reperfusion 
arrhythmias and left ventricular function in 
patients undergoing thrombolysis for anterior 
wall acute myocardial infarction; 765 


Frequency of supraventricular tachyarrhythmias 
in arrhythmogenic right ventricular dysplasia; 
1153 


Indexing repetitive to single ventricular 
premature complexes: a new concept in acute 
drug testing: 648 


Late outcome of survivors of out-of-hospital 
cardiac arrest with left ventricular ejection 
fractions B50% and without significant 
coronary arterial narrowing; 704 


Late results of the left subcostal approach for 
automatic implantable cardioverter 
defibrillator implantation; 387 


Mortality in patients treated with flecainide and 
encainide for supraventricular arrhythmias; 
976 


Regional cardiac adrenergic function using l-123 
meta-iodobenzylguanadine tomographic 
imaging after acute myocardial infarction; 
236 


Sudden cardiac death while wearing a Holter 
monitor; 381 


The implantable defibrillator backlash; 1424 


Time of onset of supraventricular 
tachyarrhythmia in relation to alcohol 
consumption; 718 


Treatment algorithms for patients with 
ventricular arrhythmias; 332 


Usefulness of d, | sotalol for suppression of 
chronic ventricular arrhythmias; 511 


Variability of the QT measurement in healthy 
men, with implications for selection of an 
abnormal QT value to predict drug toxicity 
and proarrhythmia; 774 

Arterial filters 

Role of arterial filters in the prevention of 
systemic embolization by microbubbles 
released by oxygenators; 911 

Artifacts 

Creation of pseudo narrowing during coronary 

angioplasty; 658 


Atenolol 
Comparison of lisinopril versus atenolol for mild 
to moderate essential hypertension; 59 


Effects of atenolol alone, nifedipine alone and 
their combination on ambulant myocardial 
ischemia; 671 


Atherectomy 
Atherectomy of right coronary ostial stenoses: 
initial and long-term results, technical 
features and histologic findings; 431 


Insights into the mechanism of luminal 
improvement after directional coronary 
atherectomy; 435 


Atherosclerosis 
Bridging the gap between cardiology and 
molecular biology; 1127 


Composition of atherosclerotic plaques in 
coronary arteries in women <40 years of 
age with fatal coronary artery disease and 
implications for plaque reversibility; 1223 


Composition of atherosclerotic plaques in the 
four major epicardial coronary arteries in 
patients B90 years of age; 1228 


Cytokinetic study of aortocoronary bypass vein 
grafts in place for less than six months; 1234 


Atherothrombotic brain infarction 
Congestive heart failure, coronary events and 
atherothrombotic brain infarction in elderly 
blacks and whites with systemic hypertension 
and with and without echocardiographic and 
electrocardiographic evidence of left 
ventricular hypertrophy; 295 


Atrial fibrillation 
Acute complications associated with new-onset 
atrial fibrillation; 437 


Atrial fibrillation in inferior wall Q-wave acute 
myocardial infarction; 1135 


Atrial natriuretic peptide response to 
cardioversion of atrial flutter and fibrillation 
and role of associated heart failure; 377 


Decrease of right and left atrial sizes after 
direct-current electrical cardioversion in 
chronic atrial fibrillation; 93 


Effects of intravenous diltiazem on rapid atrial 
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failure; 1150 

Intravenous amiodarone for conversion of atrial 
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Multiple accessory pathways in the Wolff- 
Parkinson-White syndrome as a risk factor 
for ventricular fibrillation; 889 

Reversion of recent-onset atrial fibrillation to 
sinus rhythm by intravenous flecainide; 137 

Usefulness of flecainide for prevention of 
paroxysmal atrial fibrillation and flutter; 713 


Atrial flutter 
Usefulness of flecainide for prevention of 
paroxysmal atrial fibrillation and flutter; 713 


Atrial natriuretic factor 
Influence of dilated cardiomyopathy, myocarditis 
and cardiac transplantation on the relation 
between plasma atrial natriuretic factor and 
atrial pressures; 391 


Atrial natriuretic peptide 
Atrial natriuretic peptide and chronic 
constrictive pericardial heart disease; 322 


Atrial natriuretic peptide response to 
cardioversion of atrial flutter and fibrillation 
and role of associated heart failure; 377 


Effects of percutaneous transvenous mitral 
commissurotomy on levels of plasma atrial 
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Atrial pressure 
Influence of dilated cardiomyopathy, myocarditis 
and cardiac transplantation on the relation 
between plasma atrial natriuretic factor and 
atrial pressures; 391 


Atrial septal aneurysm 
Atrial septal aneurysm as a “newly discovered” 
cause of stroke in patients with mitral valve 
prolapse; 327 


Atrial septal defect 
Uses and limitations of transthoracic 
echocardiography in the assessment of atrial 
septal defect in the adult; 288 


Atrioventricular block 
Ablation of the atrioventricular junction with 
radiofrequency energy using a new electrode 
catheter; 142 


A generalized description of Wenckebach 
behavior with analysis of determinants of 
ventricular cycle-length variation during 
ambulatory electrocardiography; 981 
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treated with reperfusion therapy; 225 


Effects of aminophylline on atrioventricular 
conduction in patients with late 
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Narrow QRS Mobitz type Il second-degree 
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infarction: true or false? 1291 


Atrioventricular synchrony 
Relative importance of activation sequence 
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Accuracy of assessment of cardiac vagal tone by 
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ventricular function associated with coronary 
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Accuracy of assessment of cardiac vagal tone by 
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stable angina pectoris; 665 
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study); 578 


Experience with a third-generation implantable 
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rehabilitation after acute myocardial 
infarction; 1084 


Transtelephonic electrocardiographic monitoring 
of cardiac rehabilitation exercise sessions in 
coronary artery disease; 962 


Cardiac rhythm 
Cardiac rhythm precipitating automatic 
implantable cardioverter-defibrillator 
discharge in outpatients as detected from 
transtelephonic electrocardiographic 
recordings; 95 


Cardiac survival 
Predictors of cardiac survival after 
percutaneous transluminal coronary 
angioplasty in patients with severe left 
ventricular dysfunction; 367 


Cardiac transplantation 
Cardiac transplantation and cancer; 327 


Effect of cyclosporine on plasma endothelin 
levels in humans after cardiac 
transplantation; 782 


Effects of acute alterations in left ventricular 
loading conditions on peak filling rate in the 
denervated (transplanted) ventricle; 1103 


Effects of the immunosuppressant cyclosporine 
on the circulation of heart transplant 
recipients; 628 


Endomyocardial biopsy in cardiac transplant 
recipients using the femoral venous 
approach; 324 


Frequency and mechanism of bradycardia in 
cardiac transplant recipients and need for 
pacemakers; 1385 


Influence of dilated cardiomyopathy, myocarditis 
and cardiac transplantation on the relation 
between plasma atrial natriuretic factor and 
atrial pressures; 391 


Insensitivity of noninvasive tests to detect 
coronary artery vasculopathy after heart 
transplant; 243 


ST-segment depression after cardiac 
transplantation and its usefulness as an 
indicator of acute rejection; 219 


Cardiac tumors 
Spontaneous regression of cardiac 
rhabdomyoma; 897 


Cardiac ultrasound 
Therapeutic cardiac ultrasound; 422 


Cardiac vagal tone 
Accuracy of assessment of cardiac vagal tone by 
heart rate variability in normal subjects; 199 


Cardiac valve replacement 
Blood rheology after cardiac valve replacement 
with mechanical prostheses or bioprostheses; 
79 


Cardiac valves, normal 
Velocity gradients across normal cardiac valves; 
99 


Cardiomyopathy 
Comparison of left ventricular ejection fraction 
by magnetic resonance imaging and 
radionuclide ventriculography in idiopathic 
dilated cardiomyopathy; 411 


Diurnal change in QT intervals in dilated 
cardiomyopathy and hypertrophic 
cardiomyopathy; 1428 


Endomyocardial biopsy finding in two patients 
with idiopathic dilated cardiomyopathy 
receiving long-term treatment with 
amiodarone; 661 


Hemodynamic and neurohormonal effects of 
quinidine in patients with severe left 
ventricular dysfunction secondary to 
coronary artery disease or idiopathic dilated 
cardiomyopathy; 728 

Hemodynamic study during upright isotonic 
exercise before and six months after dynamic 
cardiomyoplasty for idiopathic dilated 
cardiomyopathy or Chagas’ disease; 213 


Incremental prognostic value of exercise 
hemodynamic variables in chronic congestive 
heart failure secondary to coronary artery 
disease or to dilated cardiomyopathy; 848 


Influence of dilated cardiomyopathy, myocarditis 
and cardiac transplantation on the relation 
between plasma atrial natriuretic factor and 
atrial pressures; 391 


Left ventricular size, mass and function in 
relation to the duration and quantity of heavy 
drinking in alcoholics; 274 


Prognostic value of thallium-201 perfusion 
defects in idiopathic dilated cardiomyopathy; 
188 


Rarity of preclinical alcoholic cardiomyopathy in 
chronic alcoholics <40 years of age; 183 


Reversible “cardiomyopathy” after accidental 
adrenaline overdose; 318 


Sustained reduction in valvular regurgitation and 
atrial volumes with tailored vasodilator 
therapy in advanced congestive heart failure 
secondary to dilated (ischemic or idiopathic) 
cardiomyopathy; 259 


Cardiomyoplasty 
Hemodynamic study during upright isotonic 
exercise before and six months after dynamic 
cardiomyoplasty for idiopathic dilated 
cardiomyopathy or Chagas’ disease; 213 


Cardiorespiratory function 
Effects of exercise training on cardiorespiratory 
function in men and women >60 years of 
age; 633 
Cardiovascular risk 
Comparative effects of overweight on 
cardiovascular risk in younger versus older 
men; 248 


Cardioversion 
Atrial natriuretic peptide response to 
cardioversion of atrial flutter and fibrillation 
and role of associated heart failure; 377 
Decrease of right and left atrial sizes after 
direct-current electrical cardioversion in 
chronic atrial fibrillation; 93 


Reversion of recent-onset atrial fibrillation to 
sinus rhythm by intravenous flecainide; 137 


Usefulness of the automatic implantable 
cardioverter defibrillator in improving survival 
of patients with severely depressed left 
ventricular function associated with coronary 
artery disease; 812 


Cardioverter-defibrillator 
Experience with a third-generation implantable 
cardioverter-defibrillator; 1375 


CASCADE study 
Cardiac arrest in Seattle: conventional versus 
amiodarone drug evaluation (the CASCADE 
study); 578 


Catheter ablation 
Ablation of the atrioventricular junction with 
radiofrequency energy using a new electrode 
catheter; 142 


Short- and long-term results of catheter balloon 
percutaneous transvenous mitral 
commissurotomy; 854 


Celiprolol 
Comparison of celiprolol and propranolol in 
Stable angina pectoris; 665 


Chagas’ disease 
Hemodynamic study during upright isotonic 
exercise before and six months after dynamic 
cardiomyoplasty for idiopathic dilated 
cardiomyopathy or Chagas’ disease; 213 


Chest pain 
Characteristics of black patients admitted to 
coronary care units in metropolitan Seattle: 
results from the myocardial infarction triage 
and intervention registry (MITI); 18 


Circadian variation in pain onset in unstable 
angina pectoris; 91 
Children 
Accuracy of cross-sectional echocardiography in 
diagnosis of aortopulmonary window; 650 


Correlation of the physiologic parameters of a 
continuous ramp versus an incremental 
James exercise protocol in normal children; 
309 


Frequency of occurrence of residual ductal flow 
after surgical ligation by color-flow mapping; 
653 


Hemodynamic effects of ketamine, hypoxia and 
hyperoxia in children with surgically treated 
congenital heart disease residing B1,200 
meters above sea level; 84 

Lidocaine toxicity after subcutaneous infiltration 
in children undergoing cardiac 
catheterization; 647 

Mitral valve origin of pedunculated 
rhabdomyomas causing subaortic stenosis; 
663 

Percutaneous balloon mitral valvuloplasty in 
juvenile rheumatic mitral stenosis; 892 

Right ventricular diastolic function in children; 
329 

Spontaneous regression of cardiac 
rhabdomyoma; 897 
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holesterol 

An economic evaluation of lovastatin for 
cholesterol lowering and coronary artery 
disease reduction; 789 


Cardiovascular risk factor clustering and ratio of 
total cholesterol to high-density lipoprotein 
cholesterol in angiographically documented 
coronary artery disease; 31 


Comparative effects of overweight on 
cardiovascular risk in younger versus older 
men; 248 


Comparison of the efficacy of Questran Light, a 
new formulation of cholestyramine powder, 
to regular Questran in maintaining lowered 
plasma cholesterol levels; 501 


Expanded clinical evaluation of lovastatin 
(EXCEL) study results Il. Assessment of the 
human lens after 48 weeks of treatment with 
lovastatin; 447 


Fat and cholesterol intake of attendees at two 
national USA cardiovascular annual meetings; 
1090 


Left atrial endocardial lipid deposits and absent 
to minimal arterial lipid deposits in familial 
hyperchylomicronemia; 1431 


Prevalence of risk factors in men with 
premature coronary artery disease; 1185 


Relation of serum lipoprotein cholesterol levels 
to presence and severity of angiographic 
coronary artery disease; 479 


holestyramine 
Comparison of the efficacy of Questran Light, a 
new formulation of cholestyramine powder, 
to regular Questran in maintaining lowered 
plasma cholesterol levels; 501 


‘hordae tendineae 
Comparison of accuracy of transesophageal 
versus transthoracic echocardiography for 
the detection of mitral valve prolapse with 
ruptured chordae tendineae (flail mitral 
leaflet); 1251 


‘ircadian distribution 
Effect of nifedipine on total ischemic activity 
and circadian distribution of myocardial 
ischemic episodes in angina pectoris; 128 


‘ircadian variation 
Circadian variation in pain onset in unstable 
angina pectoris; 91 
Circadian variation of transient myocardial 
ischemia in the early out-of-hospital period 
after first acute myocardial infarction; 927 
Waking and rising at night as a trigger of 
myocardial ischemia; 1067 
‘linical research 
On jumbo and junk trials: a fumbled affair, a 
jungle, or the ultimate solution? 763 


-oarctation 
Persistent left fifth aortic arch with complex 
coarctation; 319 


Cold pressor test 
Sympathetic responses of patients with 
congestive heart failure to cold pressor 
stimulus; 993 


Collateral vessels 
Coronary collateral circulation in coronary 
artery disease and systemic hypertension; 
687 


Prognostic importance of collateral flow and 
residual coronary stenosis of the myocardial 
infarct artery after anterior wall Q-wave 
acute myocardial infarction; 1165 


Severity of single-vessel coronary arterial 
stenosis and duration of angina as 
determinants of recruitable collateral vessels 
during balloon angioplasty occlusion; 13 


Color-flow Doppler 
Frequency of occurrence of residual ductal flow 
after surgical ligation by color-flow mapping; 
653 


Usefulness of color-flow Doppler in diagnosing 
and in differentiating supracristal ventricular 
septal defect from right ventricular outflow 
tract obstruction; 194 


Commissural calcification 
Frequency and severity of mitral regurgitation 
one year after balloon mitral valvuloplasty; 
264 


Commissurotomy, percutaneous 
transvenous mitral 
Effects of percutaneous transvenous mitral 
commissurotomy on levels of plasma atrial 
natriuretic peptide during exercise; 74 


Short- and long-term results of catheter balloon 
percutaneous transvenous mitral 
commissurotomy; 854 


Computer modeling 
Characterization of spontaneous termination of 
sustained ventricular tachycardia associated 
with coronary artery disease; 50 


Conduction 
Effects of aminophylline on atrioventricular 
conduction in patients with late 
atrioventricular block during inferior wall 
acute myocardial infarction; 527 


Conduction, decremental 
Characteristics of accessory pathways exhibiting 
decremental conduction; 506 


Conduction delay 
Myocardial ischemia-induced transient anterior 
conduction delay; 659 


Congenital defects 
Persistent left fifth aortic arch with complex 
coarctation; 319 


Relation of symptoms to contractility and defect 
size in infants with ventricular septal defect; 
1097 


Ventricular function during supine bicycle 
exercise in univentricular connection with 
absent right atrioventricular connection; 
1273 

Ventricular late potentials and induced 


ventricular arrhythmias after surgical repair 
of tetralogy of Fallot; 873 
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Congenital heart disease 
Analysis of survival in patients with pulmonic 
valve atresia and ventricular septal defect; 
737 


Hemodynamic effects of ketamine, hypoxia and 
hyperoxia in children with surgically treated 
congenital heart disease residing B1,200 
meters above sea level; 84 


Impact of intraoperative echocardiography on 
surgical management of congenital heart 
disease; 1279 


Tetrology of Fallot in triplet siblings; 1442 


Congestive heart failure 
Abnormal baroreflex control of heart rate in 
decompensated congestive heart failure and 
reversal after compensation; 604 


Atrial natriuretic peptide response to 
cardioversion of atrial flutter and fibrillation 
and role of associated heart failure; 377 


Congestive heart failure, coronary events and 
atherothrombotic brain infarction in elderly 
blacks and whites with systemic hypertension 
and with and without echocardiographic and 
electrocardiographic evidence of left 
ventricular hypertrophy; 295 


Effects of bucindolol on neurohormonal 
activation in congestive heart failure; 67 


Effects of intravenous diltiazem on rapid atrial 
fibrillation accompanied by congestive heart 
failure; 1150 


Effects of prolonged infusion of human alpha 
calcitonin gene-related peptide on 
hemodynamics, renal blood flow and hormone 
levels in congestive heart failure; 732 


Hemodynamic effects of renin inhibition by 
enalkiren in chronic congestive heart failure; 
63 


Hemodynamic study during upright isotonic 
exercise before and six months after dynamic 
cardiomyoplasty for idiopathic dilated 
cardiomyopathy or Chagas’ disease; 213 


incremental prognostic value of exercise 
hemodynamic variables in chronic congestive 
heart failure secondary to coronary artery 
disease or to dilated cardiomyopathy; 848 


Relation of symptoms to contractility and defect 
size in infants with ventricular septal defect; 
1097 


Reversal of changes in left ventricular diastolic 
filling associated with normal aging using 
diltiazem; 894 


Sustained reduction in valvular regurgitation and 
atrial volumes with tailored vasodilator 
therapy in advanced congestive heart failure 
secondary to dilated (ischemic or idiopathic) 
cardiomyopathy; 259 

Sympathetic responses of patients with 
congestive heart failure to cold pressor 
stimulus; 993 

Twenty-four-hour spectral analysis of heart rate 
variability in congestive heart failure 
secondary to coronary artery disease; 1154 





Contrast studies 

Effects of nonionic versus ionic contrast media 
on complications of percutaneous 

F transluminal coronary angioplasty; 1046 

-= Coronary angiography 

Differentiating anginal patients with coronary 
artery disease from those with normal 
coronary arteries using psychological 
measures; 645 


Coronary angioplasty 
Creation of pseudo narrowing during coronary 
angioplasty; 658 
Effects of diltiazem on complications and 
restenosis after coronary angioplasty; 373 


Outcomes of direct coronary angioplasty for 
acute myocardial infarction in candidates and 
non-candidates for thrombolytic therapy; 7 


Coronary arteries 

Comparison of manual versus automated edge 
detection for determining degrees of luminal 
narrowing by quantitative coronary 
angiography; 885 

Predictors of long-term cardiac survival in 
patients with multivessel coronary artery 
disease undergoing percutaneous 
transluminal coronary angioplasty; 1 


Coronary arteriography 

Assessment of severity of coronary narrowings 
by quantitative exercise echocardiography 
and comparison with quantitative 
arteriography; 1201 

Exercise echocardiography as a screening test 
for coronary artery disease and correlation 
with coronary arteriography; 1213 


Preoperative imaging of the internal thoracic 
artery; 334 


Coronary artery bypass grafting 
See also Surgery 


Early assessment of coronary artery bypass 
graft patency by high-dose dipyridamole 
echocardiography; 133 

Interpreting results of exercise studies after 
acute myocardial infarction altered by 
thrombolytic therapy, coronary angioplasty or 
bypass; 116 

Late results of 200 repeat coronary artery 
bypass operations; 24 


Vasomotor properties of internal mammary 
arteries, saphenous vein bypass grafts and 
native coronary arteries; 324 


Coronary artery disease 
An economic evaluation of lovastatin for 
cholesterol lowering and coronary artery 
disease reduction; 789 


Anginal symptoms without ischemic 
electrocardiographic changes during 
ambulatory monitoring in men with coronary 
artery disease; 465 


Angiographic features of left main coronary 
artery aneurysms; 1139 


Angiographic morphology in unstable angina and 
its relation to transient myocardial ischemia 
and hospital outcome; 460 

A prospective study of parental history of 
myocardial infarction and coronary artery 
disease in men; 933 


Assessment of coronary artery disease using 
single-photon emission computed tomography 
with thallium-201 during adenosine-induced 
coronary hyperemia; 1190 


Cardiovascular risk factor clustering and ratio of 
total cholesterol to high-density lipoprotein 
cholesterol in angiographically documented 
coronary artery disease; 31 


Characterization of spontaneous termination of 
sustained ventricular tachycardia associated 
with coronary artery disease; 50 


Comparison of rubidium-82 positron emission 
tomography and thalium-201 SPECT imaging 
for detection of coronary artery disease; 
1303 


Composition of atherosclerotic plaques in 
coronary arteries in women <40 years of 
age with fatal coronary artery disease and 
implications for plaque reversibility; 1223 


Composition of atherosclerotic plaques in the 
four major epicardial coronary arteries in 
patients B90 years of age; 1228 


Coronary collateral circulation in coronary 
artery disease and systemic hypertension; 
687 


Correlation of quantitative angiographic 
parameters with changes in left ventricular 
diastolic function after angioplasty of the left 
anterior descending coronary artery; 1061 


Cytokinetic study of aortocoronary bypass vein 
grafts in place for less than six months; 1234 


Dependence of Doppler echocardiographic 
transmitral early peak velocity on left 
ventricular systolic function in coronary 
artery disease; 470 


Detection of silent myocardial ischemia in 
diabetes mellitus; 1073 


Diastolic dysfunction in Prinzmetal’s angina; 911 


Differentiating anginal patients with coronary 
artery disease from those with normal 
coronary arteries using psychological 
measures; 645 


Dobutamine digital echocardiography for 
detecting coronary artery disease; 1311 


Exercise echocardiography and technetium-99m 
MIBI single-photon emission computed 
tomography in the detection of coronary 
artery disease; 350 


Exercise echocardiography as a screening test 
for coronary artery disease and correlation 
with coronary arteriography; 1213 


Exercise thallium-201 imaging in complete left 
bundle branch block and the prevalence of 
septal perfusion defects; 46 


Frequency of success and complications of 
coronary angioplasty of a stenosis at the 
ostium of a branch vessel; 491 


Hemodynamic and metabolic effects of 
venoarterial cardiopulmonary support in 
coronary artery disease; 1344 


Hemodynamic and neurohormonal effects of 
quinidine in patients with severe left 
ventricular dysfunction secondary to 
coronary artery disease or idiopathic dilated 
cardiomyopathy; 728 


Impaired left ventricular filling and regional 
diastolic asynchrony at rest in coronary 
artery disease and relation to exercise- 
induced myocardial ischemia; 356 


Incidence and presumed etiology of ventricular 
fibrillation during coronaryangioplasty; 769 


Incremental prognostic value of exercise 
hemodynamic variables in chronic congestive 
heart failure secondary to coronary artery 
disease or to dilated cardiomyopathy; 848 


Influence of gender on inducibility of ventricular 
arrhythmias in survivors of cardiac arrest 
with coronary artery disease; 537 


Insights into the mechanism of luminal 
improvement after directional coronary 
atherectomy; 435 


Late results of 200 repeat coronary artery 
bypass operations; 24 


Left and right ventricular systolic function and 
exercise capacity with coronary artery 
disease; 1079 


Left ventricular diastolic function in patients 
with left ventricular systolic dysfunction due 
to coronary artery disease and effect of 
nicardipine; 823 


“Milking” of the left anterior descending 
coronary artery after stenting; 1438 


Outcome after major dissection during coronary 
angioplasty using the perfusion balloon 
catheter; 1056 


Prediction of death and myocardial infarction by 
radionuclide angiocardiography in patients 
with suspected coronary artery disease; 919 


Prevalence of lipoprotein (a) [Lp(a)] excess in 
coronary artery disease; 1039 


Prevalence of risk factors in men with 
premature coronary artery disease; 1185 


Prevalence of unsuspected mitral regurgitation 
and left ventricular diastolic dysfunction in 
patients with coronary artery disease and 
acute pulmonary edema associated with 
normal or depressed left ventricular systolic 
function; 37 


Progression and regression of minor coronary 
arterial narrowings by quantitative 
angiography after fenofibrate therapy; 957 


Relation of serum lipoprotein cholesterol levels 
to presence and severity of angiographic 
coronary artery disease; 479 


Right ventricular systolic function during 
exercise with and without significant 
coronary artery disease; 681 


Transtelephonic electrocardiographic monitoring 
of cardiac rehabilitation exercise sessions in 
coronary artery disease; 962 


Twenty-four-hour spectral analysis of heart rate 
variability in congestive heart failure 
secondary to coronary artery disease; 1154 

Usefulness of dipyridamole-handgrip 
echocardiography test for detecting coronary 
artery disease; 883 
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Usefulness of the automatic implantable 
cardioverter defibrillator in improving survival 
of patients with severely depressed left 
ventricular function associated with coronary 
artery disease; 812 


Usefulness of the electrophysiology laboratory 
for evaluation of proarrhythmic drug 
response in coronary artery disease; 835 


Usefulness of weightlifting training in improving 
strength and maximal power output in 
coronary artery disease; 939 


Validation of continuous radionuclide left 
ventricular functioning monitoring in 
detecting silent myocardial ischemia during 
balloon angioplasty of the left anterior 
descending coronary artery; 1339 


‘oronary artery spasm 
Comparative effects of oral molsidomine and 
nifedipine on methylergometrine-induced 
coronary artery spasm; 1208 


‘oronary dissection 
Outcome after major dissection during coronary 
angioplasty using the perfusion balloon 
catheter; 1056 


Results of intracoronary stents for management 
of coronary dissection after balloon 
angioplasty; 691 

-oronary flow velocity 

Validity of catheter-tip Doppler technique in 
assessment of coronary flow velocity and 
application of spectrum analysis method; 758 


-oronary hyperemia 
Assessment of coronary artery disease using 
single-photon emission computed tomography 
with thallium-201 during adenosine-induced 
coronary hyperemia; 1190 


-oronary neovascularization 
Coronary neovascularization as a specific sign 
for left atrial appendage thrombus in mitral 
stenosis; 1158 


toronary obstruction 
Dynamic coronary ostial obstruction due to 
papillary fibroelastoma leading to myocardial 
ischemia and infarction; 104 


>oronary occlusion 
Severity of single-vessel coronary arterial 
stenosis and duration of angina as 
determinants of recruitable collateral vessels 
during balloon angioplasty occlusion; 13 


The unstable ST segment early after 
thrombolysis for acute infarction and its 
usefulness as a marker of recurrent coronary 
occlusion; 109 


>oronary stenting 
Edge detection versus densitometry for 
assessing coronary stenting quantitatively; 
484 
Long-term follow-up of the first 56 patients 
treated with intracoronary self-expanding 
stents (the Lausanne experience); 569 
vost analysis 
An economic evaluation of lovastatin for 
cholesterol lowering and coronary artery 
disease reduction; 789 
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Cyclosporine 


Effect of cyclosporine on plasma endothelin 
levels in humans after cardiac 
transplantation; 782 

Effects of the immunosuppressant cyclosporine 
on the circulation of heart transplant 
recipients; 628 


Danish Verapamil Infarction Trial 


Update of effects of calcium antagonists in 
myocardial infarction or angina in light of the 
Danish Verapamil Infarction Trial (DAVIT-II) 
and other recent studies; 1295 


Death 
Prediction of death and myocardial infarction by 
radionuclide angiocardiography in patients 
with suspected coronary artery disease; 919 


Death, sudden 
Composition of atherosclerotic plaques in 
coronary arteries in women <40 years of 
age with fatal coronary artery disease and 
implications for plaque reversibility; 1223 


Effect of left ventricular aneurysm on risk of 
sudden and nonsudden cardiac death; 454 


Late outcome of survivors of out-of-hospital 
cardiac arrest with left ventricular ejection 
fractions B50% and without significant 
coronary arterial narrowing; 704 


Sudden cardiac death while wearing a Holter 
monitor; 381 


Sudden death after acute myocardial infarction: 
the forgotten thrombotic view; 1130 


Sudden death associated with exercise: the risk- 
benefit issue; 330 


Sudden death during empiric amiodarone 
therapy in symptomatic hypertrophic 
cardiomyopathy; 169 

Usefulness of flecainide for prevention of 
paroxysmal atrial fibrillation and flutter; 713 


Defibrillators 
The implantable defibrillator backlash; 1424 


Usefulness of the automatic implantable 
cardioverter defibrillator in improving survival 
of patients with severely depressed left 
ventricular function associated with coronary 
artery disease; 812 


Diabetes mellitus 
Detection of silent myocardial ischemia in 
diabetes mellitus; 1073 
Effectiveness of glibenclamide on myocardial 
ischemic ventricular arrhythmias in 
non—insulin-dependent diabetes mellitus; 843 
Diastolic function 
Diastolic dysfunction in Prinzmetal’s angina; 911 
Effects of acute alterations in left ventricular 
loading conditions on peak filling rate in the 
denervated (transplanted) ventricle; 1103 


JUNE 15, 1991 











Diet 
Fat and cholesterol intake of attendees at two 
national USA cardiovascular annual meetings; 
1090 


Dilatation devices 
Immediate and short-term results of a 
1988-1989 coronary angioplasty registry; 
253 


Diltiazem 
Effects of diltiazem on complications and 
restenosis after coronary angioplasty; 373 


Effects of intravenous diltiazem on rapid atrial 
fibrillation accompanied by congestive heart 
failure; 1150 


Electrocardiographic subset analysis of diltiazem 
administration on long-term outcome after 
acute myocardial infarction; 335 


Reversal of changes in left ventricular diastolic 
filling associated with normal aging using 
diltiazem; 894 


Dipyridamole 

Comparison of usefulness of high-dose 
dipyridamole echocardiography and exercise 
electrocardiography for detection of 
asymptomatic restenosis after coronary 
angioplasty; 1335 

Early assessment of coronary artery bypass 
graft patency by high-dose dipyridamole 
echocardiography; 133 


Usefulness of dipyridamole-handgrip 
echocardiography test for detecting coronary 
artery disease; 883 


Dipyridamole-Doppler stress 
Can the dipyridamole-Doppler stress test detect 
myocardial ischemia? 327 


Dobutamine 
Dobutamine digital echocardiography for 
detecting coronary artery disease; 1311 


Doppler ultrasound 
See also Echocardiography 


A Doppler echocardiographic examination of the 
normal aortic valve and left ventricular 
outflow tract; 547 


Clinical and Doppler echocardiographic follow-up 
after percutaneous balloon valvuloplasty for 
aortic valve stenosis; 616 


Contrast enhancement of Doppler signals by 
sonicated albumin for estimating right 
ventricular systolic pressure; 1148 


Correlation of quantitative angiographic 
parameters with changes in left ventricular 
diastolic function after angioplasty of the left 
anterior descending coronary artery; 1061 


Dependence of Doppler echocardiographic 
transmitral early peak velocity on left 
ventricular systolic function in coronary 
artery disease; 470 


Determination of severity of valvular aortic 
stenosis by Doppler echocardiography and 
relation of findings to clinical outcome and 
agreement with hemodynamic measurements 
determined at cardiac catheterization; 1007 


Doppler echocardiographic comparison of the 
Carpentier and Duran anuloplasty rings 
versus no ring after mitral valve repair for 
mitral regurgitation; 517 


Doppler echocardiographic estimation of 
transmitral pressure gradients and 
correlations with micromanometer gradients 
in mitral stenosis; 1161 


Doppler echocardiographic findings in normal- 
functioning St. Jude medical and Bjérk-Shiley 
mechanical prostheses in the tricuspid valve 
position; 307 

Doppler echocardiographic study of porcine 
bioprosthetic heart valves in the aortic valve 
position in patients without evidence of 
cardiac dysfunction; 611 


Effect of autonomic blockade, postural changes, 
and isometric exercise on Doppler indexes of 
diastolic left ventricular function; 1284 


Effect of balloon aortic valvuloplasty on Doppler 
indexes of left ventricular diastolic filling: 544 


Effect of heart rate on left ventricular diastolic 
transmitral flow velocity patterns assessed 
by Doppler echocardiography in normal 
subjects; 622 


Frequency of valvular regurgitation by color 
Doppler echocardiography in systemic lupus 
erythematosus; 209 


Importance of technical variables for 
quantitative measurements by color Doppler 
imaging; 314 

Influence of sympathetic stimulation and 
parasympathetic withdrawal on Doppler 
echocardiographic left ventricular diastolic 
filling velocities in young normal subjects; 
520 


Pulmonary venous flow velocity pattern as 
assessed with transthoracic pulsed Doppler 
echocardiography in subjects without cardiac 
disease; 1396 


Reference values and reproducibility of Doppler 
echocardiography in the assessment of the 
tricuspid valve and right ventricular diastolic 
function in normal subjects; 269 


Reproducibility of Doppler echocardiographic 
quantification of aortic and mitral valve 
stenoses: comparison between two 
echocardiography centers; 1013 


Validity of an early postoperative baseline 
Doppler recording after aortic valve 
replacement; 869 


Validity of catheter-tip Doppler technique in 
assessment of coronary flow velocity and 
application of spectrum analysis method; 758 


Value and limitations of color Doppler 
echocardiography in the evaluation of 
percutaneous balloon mitral valvuloplasty for 
isolated mitral stenosis; 1261 


Doxazosin 
Effects of doxazosin on blood pressure, renin- 
angiotensin-aldosterone and urinary 
kallikrein; 157 


Drug interactions 
Interaction between amiodarone and phenytoin; 
328 


Drug testing 
Indexing repetitive to single ventricular 
premature complexes: a new concept in acute 
drug testing; 648 


Drug toxicity 
Variability of the QT measurement in healthy 
men, with implications for selection of an 
abnormal QT value to predict drug toxicity 
and proarrhythmia; 774 
Dysphagia 
Risk of dysphagia after transesophageal 
echocardiography; 313 


Ebstein’s anomaly 
Left ventricular function in patients >20 years 
of age with Ebstein's anomaly of the tricuspid 
valve; 217 


Echocardiography 
Accuracy of cross-sectional echocardiography in 
diagnosis of aortopulmonary window; 650 


Afterload dependence of echocardiographic left 
ventricular ejection force determination; 901 


Aortic aneurysm in patients with functionally 
normal or minimally stenotic bicuspid aortic 
valve; 781 


Assessment of severity of coronary narrowings 
by quantitative exercise echocardiography 
and comparison with quantitative 
arteriography; 1201 

Beneficial effect of atrial pacing in severe acute 
aortic regurgitation and role of M-mode 
echocardiography in determining the optimal 
pacing interval; 398 


Comparison of accuracy of transesophageal 
versus transthoracic echocardiography for 
the detection of mitral valve prolapse with 
ruptured chordae tendineae (flail mitral 
leaflet); 1251 


Comparison of usefulness of high-dose 
dipyridamole echocardiography and exercise 
electrocardiography for detection of 
asymptomatic restenosis after coronary 
angioplasty; 1335 

Dobutamine digital echocardiography for 
detecting coronary artery disease; 1311 


Early assessment of coronary artery bypass 
graft patency by high-dose dipyridamole 
echocardiography; 133 


Exercise echocardiography and technetium-99m 
MIBI single-photon emission computed 
tomography in the detection of coronary 
artery disease; 350 


Exercise echocardiography as a screening test 
for coronary artery disease and correlation 
with coronary arteriography; 1213 


Impact of intraoperative echocardiography on 
surgical management of congenital heart 
disease; 1279 


Left ventricular function in patients >20 years 
of age with Ebstein's anomaly of the tricuspid 
valve; 217 


Mercury in the heart; 317 


Mitral regurgitation during B bump of the mitral 
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angina pectoris; 91 

Circadian variation of transient myocardial 
ischemia in the early out-of-hospital period 
after first acute myocardial infarction; 927 


Complete atrioventricular block complicating 
inferior wall acute myocardial intarction 
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Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
Studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 142 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1¥2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
Studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6 Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy—Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions —(A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility— Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 





‘dence of benign liver nodules and liver carcinomas was significantly increased in high 


dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than tr 
shown to be carcinogenic with other fibrates. 

Male rats nad a dose-related and statistically significant increase of benign Leydig í 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolife 
tion following Lopid administration to the male rat. An adequate study to test for pero» 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occu 
humans with either of two other drugs of the fibrate class when liver biopsies were co 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 w 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that 
effect was reversed after a drug-free period of about eight weeks, and it was not trans 
ted to the offspring. l 

5. Pregnancy Category B— Reproduction studies have been performed in the rat 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harn 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates obser 
at the high dose levels. No significant malformations were found among almost 400 c 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigen 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontir 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, sever 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 mon 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionall 
during Lopid administration, including ele 
tions of AST (SGOT), ALT (SGPT), LDH, bil 
rubin, and alkaline phosphatase. These a’ 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid ther 
should be terminated if abnormalities per 

9. Use in Children — Safety and efficac 
children have not been established. 
ADVERSE REACTIONS. In the double-b 
controlled phase of the Helsinki Heart Stu 
2046 patients received Lopid for up to 5 ye 
In that study, the following adverse reactic 
were statistically more frequent in subject: 
the Lopid group (placebo incidence in pai 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant diffe 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5% 
fatigue, 38% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects bt 
where a causal relationship was not established include cataracts, peripheral vascula 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrenc 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) w 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patie 

Additional adverse reactions that have been reported for gemfibrozil are listed belov 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, ir 
creased liver transaminases (AST [SGOT], ALT [SGPT)), increased alkaline phosphata: 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasy 





teles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 


sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and declin 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherite 
Disease, Sth ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
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Low HDL with 
elevated LDL and triglycerides: 


A common denominator of many heart attack victims 


Wtixed hyperlipidemias—elevated Cholesterol and LOPID is indicated for reducing the risk of Coronary . 
k iglycerides—are common among heart attack Victims, heart disease in type Ilb patients with:low HDL, in 
and nearly two thirds of people who developed addition to elevated LDL and triglycerides, and who 
myocardial infarction in the PROCAM Trial had a low have had an inadequate response to weight loss, 
(< 35 mg/dL) baseline level of HDE cholesterol. ' diet, exercise, and other pharmacologic agents 
LOPID‘ (gemřibrozil) is not indicated for the treatment suċh as bile acid sequestrants and nicotinic acid. 
of patients with low HDL cholesterol as their only 


lipid abnormality. Contraindicated in patients with hepatic or severe 


Raised low HDL 25% renal dysfunction, including primary biliary 


cirrhosis, preexisting gallbladder disease, or hyper- 
—in patients whose baseline HDL was < 35 mg/dL sensitivity to gemfibrozil. LOPID may increase 
and median baseline LDL was 186 mg/dL in the cholesterol secretion into the bile, leading to chole- 
landmark Helsinki Heart Study (HHS). lithiasis: Caution should be exercised when anti- 


| ‘coagulants are given in conjunction with LOPID. . 
Reduced heart attack 
ncidence U p to 62% * “i ee $ as d combination ees orbmety: coal and/or detinite 


myocardial infarction. | 
—in these HHS patients.* Incidence of serious Coronary 
events was similar for LOPID and placebo subgroups 
with baseline HDL above the median (464 mg/dL). 
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